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PREFACE

At the request of the City of Peoria, the Flood 
Control District of Maricopa County (District), 
under the authority of Arizona Revised Stat-
utes Title 48, Chapter 21, initiated the North 
Peoria Area Drainage Master Plan (North Peo-
ria ADMP).  The North Peoria ADMP is a 
regional approach to watershed manage-
ment.  The District prefers a regional approach 
to watershed and floodplain management 
because it enables the District to develop flood 
control strategies that are both sustainable and 
sensitive to the environment.  This approach 
works to minimize the public cost of protect-
ing citizens from flooding that may result 
from private and public development’s cumu-
lative effect on drainage characteristics.  The 
North Peoria ADMP provides a uniform and 
coordinated approach to watershed manage-
ment.  A multi-faceted approach will ensure 
that present and future residents are protected 
from the damaging effects of flooding.

The North Peoria ADMP study area encom-
passes approximately 73 square miles within 
unincorporated Maricopa County and the 
City of Peoria.  Numerous watersheds drain 
the area to the Agua Fria River.  Major water-
courses draining to the Agua Fria River are 
Morgan City Wash, nine unnamed washes, 
Caterpillar Tank Wash, and Twin Buttes Wash.  
Approximately 66 linear miles of water-
courses are considered in the development of 
the North Peoria ADMP. 

Within non-urbanized/rural watersheds natu-
ral environmental hazards associated with 
runoff from storm events exist.  Without suffi-
cient planning and management, natural haz-
ards are compounded as development occurs 
within a watershed.  In order to protect pri-
vate and public property, natural occurring 
environmental hazards and hazards created 
by urbanization are identified.  Environmental 
hazards associated with storm runoff are cate-
gorized into flood hazards and erosion haz-
ards.  As part of the North Peoria ADMP, 
approximately 36 linear miles of new flood-

plain delineation and 54 miles of erosion haz-
ard zone delineation was conducted.

The North Peoria ADMP provides a regional 
approach to flood control management.  
Development of flood control management 
alternatives and policies that form the founda-
tion of the plan takes into account engineer-
ing, environmental, landscape, social, and 
economic considerations.  Watershed manage-
ment alternatives are developed to mitigate/
minimize the effect of urbanization on storm-
water runoff and conveyance while recogniz-
ing the values of the community and the 
opportunity to protect the unique characteris-
tics of the region. The primary purpose for 
flood control management alternative devel-
opment and evaluation is to develop a range 
of plans that provide public safety from flood 
and erosion hazards, determine the cost and 
benefits of each alternative, qualitatively 
determine impacts of the alternative on identi-
fied environmental resources, and select a pre-
ferred management plan.

Flood control management alternatives devel-
oped and evaluated for the North Peoria 
ADMP are categorized into two groups, 
watercourse management alternatives and 
stormwater storage alternatives.  Watercourse 
management alternatives evaluated include a 
non-structural, a partial structural, a low 
impact structural, a full structural, and a no 
action.  Stormwater storage alternatives evalu-
ated include the standard practice of retaining 
the volume of flow from the 100-year, 2-hour 
event, in-stream, in-line detention alternative 
and an in-stream, off-line retention alternative 
Descriptions of the five z management alter-
natives evaluated are:

The full structural alternative is based on cur-
rent federal, state and local floodplain man-
agement regulations that allow encroachment 
into the floodway fringe.  The full structural 
alternative typically requires at a minimum, 
structural stabilization of wash side slopes for 
the entire reach.
iii
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The partial structural alternative also is based 
on current floodplain management regula-
tions, however the partial structural solution 
is applied at only specific locations along the 
watercourse.

The low impact structural alternative allows 
for development activity to occur within the 
erosion hazard zone as long as the activity 
does not significantly alter the natural form 
and function of the watercourse.

The non-structural alternative defines a corri-
dor that allows the watercourse to function 
naturally.

The no action (do nothing) alternative pro-
vides flood control management based on cur-
rent federal, state, and local floodplain 
management regulations that allows 
encroachment into the floodway fringe.  Typi-
cally, under current regulations encroach-
ments into the floodway fringe are allowed on 
a piece-meal fashion without taking into con-
sideration the effect of the encroachment or 
collective encroachments on the entire water-
course. 

Flood control management alternatives are 
evaluated on how well each alternative meets 
the goals of the North Peoria ADMP.  The 
evaluations of the alternatives are based on 
weighted elements of four criteria.  The crite-
ria are Public Safety, Social Impacts, Environ-
mental Impacts, and Economic Impacts.  
Preferred alternatives selected for the plan are 
based on the overall score that an alternative 
receives in the evaluation process relative to 
the other alternatives evaluated.

The preferred watercourse management flood 
control management alternative recom-
mended by the plan is the non-structural alter-
native.  The non-structural alternative defines 
a corridor that allows the watercourse to func-
tion naturally and is defined by the 100-year 
floodplain, erosion hazard zone, and a buffer, 
if applicable, between human activity and a 
wash corridor.  The plan recognizes that there 
may be situations in which development 

activities may be required or desired within 
the erosion hazard zone.  For this situation the 
plan presents a low impact structural alterna-
tive.  Channelization is not a preferred flood 
control management alternative, however the 
plan also recognizes that there may be situa-
tions in which channelization may be 
required.  The preferred stormwater storage 
alternative is the standard practice of retaining 
the volume from the 100-year, 2-hour rainfall 
event, however this practice may not be prac-
tical for certain portions of the study area.  The 
standard retention practices, if implemented 
within  an entire watershed, would have nega-
tive impacts in regards to sustaining native 
vegetation along watercourses.  The plan 
offers two alternatives to the standard prac-
tice, which are the in-stream, off-line retention 
and in-stream, in-line detention.  The in-
stream, off-line retention is the preferred alter-
native of the two.

Implementation of and guidance provided by 
the plan is based on a set of management 
goals, objectives, and policies for each of the 
four elements of the plan.  The elements are 
Environmental Hazard Identification, Devel-
opment & Planning Considerations, Environ-
mental, and Multiple-Use Opportunities.

The North Peoria ADMP is one of the many 
tools that have been developed to guide 
growth and development in the study area so 
that impacts of urbanization on the environ-
ment are minimized.  The focus of the North 
Peoria ADMP is flood and erosion control 
management, however the plan takes into 
consideration the impacts of different flood 
control management alternatives on environ-
mental, cultural, and visual resources and 
looks at multi-use opportunities. The intent of 
this plan is to work in conjunction with other 
planning documents and ordinances devel-
oped by the City of Peoria and Maricopa 
County.  The plan is to be used by policy mak-
ers in the City of Peoria and Maricopa County, 
future residents, and developers when mak-
ing decisions concerning development in the 
area.
iv
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INTRODUCTION

The natural physical character of the North 
Peoria Area Drainage Master Plan study area 
is unique to north central Maricopa County, 
the City of Peoria, and the Phoenix metropoli-
tan area.  The area is characterized by diverse 
landforms, sinuous washes that dissect the 
terrain, and varied plant communities.  The 
area is also rich in wildlife, and historical and 
cultural resources.  The natural topography 
and vegetation types associated with topogra-
phy offer a scenic quality that is unparalleled 
anywhere else in the valley.  The natural phys-
ical character also includes flood prone areas 
and associated erosion hazards which are 
public safety concerns.
 

Due to impending development pressures in 
north Peoria, the Flood Control District of 
Maricopa County (District) in cooperation 
with the City of Peoria and under the author-
ity of Arizona Revised Statutes (ARS) Title 48, 
Chapter 21, initiated the North Peoria Area 
Drainage Master Plan (North Peoria ADMP).  
The North Peoria ADMP is a regional 
approach to watershed management.  The 
District prefers a regional approach to water-
shed and floodplain management because it 
enables the District to develop flood control 
strategies that are both sustainable and sensi-
tive to the environment.  This approach works 
to minimize the public cost of protecting citi-
zens from flooding that may result from pri-
vate and public development’s cumulative 

effect on drainage characteristics.  The North 
Peoria ADMP provides a uniform and coordi-
nated approach to watershed management.  A 
multi-faceted approach will ensure that 
present and future residents are protected 
from the damaging effects of flooding.

The District contracted with Stantec Consult-
ing Inc. (Stantec) to develop the North Peoria 
ADMP.  Stantec assembled a qualified team 
consisting of hydrologists, engineers, environ-
mental engineers, archeologists, landscape 
architects, and planners to assist in the devel-
opment and evaluations of flood control man-
agement alternatives.  The team worked with 
District and City of Peoria personnel in the 
preparation of the ADMP.

The North Peo-
ria ADMP 
study area 
encompasses 
approximately 
73 square miles 
within unin-
corporated 
Maricopa 
County and the 
City of Peoria.  
Numerous 
watersheds 
drain the area 
to the Agua 
Fria River.  
Major water-
courses drain-
ing to the Agua 
Fria River are Morgan City Wash, nine 
unnamed washes, Caterpillar Tank Wash and 
Twin Buttes Wash.  Approximately 66 linear 
miles of watercourses are considered in the 
development of the North Peoria ADMP.  The 
study area does not include the Agua Fria 
River and associated 100-year floodplain.  The 
location of the study area relative to City of 
Peoria, City of Phoenix, and Maricopa County 
boundaries is displayed on Figure 1.

Development of the North Peoria ADMP 
includes, public coordination, survey and 
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mapping, hydraulics, hydrology, sedimenta-
tion and geomorphic evaluations, environ-
mental and visual resources overviews, 
identification of flood hazards, identification 
of erosion hazards, historical character evalua-
tion, multi-use recreational opportunities, pol-
icies to help guide development and 
formulation of flood control management 
alternatives.  Detail descriptions of evaluation 
and overviews are contained in the North Peo-
ria Area Drainage Master Plan, Technical Data 
Notebook, and attachments to the Technical 
Data Notebook.  The following reports were 
developed as part of the North Peoria ADMP:

• North Peoria Area Drainage Master Plan, 
Flood Insurance Technical Data Notebook

• North Peoria Area Drainage Master Plan, 
Technical Data Notebook

• Attachment 1 Filed Survey Report

• Attachment 2 Hydrology and Hydrau-
lics

• Attachment 3 Sedimentation Engineer-
ing and Geomorphic Evaluation Techni-
cal Memorandums

• Attachment 4 Landscape Character and 
Visual Assessment Report

• Attachment 5 Multi-Use Opportunities 
Assessment Report

• Attachment 6 Plant Communities and 
Biological Resources 

• Attachment 7 Historic Character 
Assessment Report

• Attachment 8 Cultural Resources 
Assessment Report

• Attachment 9 Environmental Regula-
tory Records Review

• Attachment 10 Investigation of Existing 
Ordinances, Policies, Regulations and 

Standards Affecting Stormwater Drain-
age

• Attachment 11 Floodplain/Erosion Haz-
ard Maps

PURPOSE AND GOALS

Within the next 25 years, the City of Peoria 
and Maricopa County north of Beardsley 
Road to Lake Pleasant will be developed with 
new homes, shopping, and employment 
opportunities to serve a population nearing 
200,000 people.  These residents and busi-
nesses will expect protection from natural 
hazards (such as flooding and erosion haz-
ards) that complements the natural environ-
ment and scenic beauty of their community.  
To meet these expectations a comprehensive 
regional approach to watershed and flood 
control management is developed.  The pur-
pose of the North Peoria ADMP is to identify 
flooding and drainage patterns and recom-
mend sustainable strategies that will protect 
the public from flooding and erosion haz-
ards.  The North Peoria ADMP presents a 
holistic management approach in that water-
shed management solutions take into account 
environmental, landscape, social and eco-
nomic considerations.  Flood control manage-
ment alternatives are developed to mitigate/
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minimize the effect of urbanization on storm-
water runoff and conveyance while recogniz-
ing the values of the community and the 
opportunity to protect the unique characteris-
tics of the region.  A holistic approach insures 
that public’s safety and quality of life is main-
tained.  Goals of the North Peoria ADMP are:

• Identify flood and erosion hazards along 
major watercourses.

• Develop policies and strategies to protect 
residents from flood and erosion hazards.

• Preserve the natural flood control function 
of the existing washes and channels.

• Incorporate public and private interests, 
issues, and concerns.

• Minimize future expenditures of public 
funds for flood control and emergency 
management.

• Consider environmental and landscape 
characteristics of the watershed in the 
development of watershed management 
alternatives.

• Minimize disturbance of existing flood-
plain and floodway ecosystem and habi-
tats.

• Consider multiple-use activities for flood-
plain areas.

BACKGROUND

PROJECT AREA

The North Peoria ADMP study area encom-
passes approximately 73 square miles within 
unincorporated Maricopa County and the 
City of Peoria. The study area is divided into 
four planning areas based on physical charac-
teristics and/or geographic location of each 
planning area.  The four planning areas are the 
Morgan City Area, Big Spring Area, East Ter-
race Area, and the Twin Buttes Area.  The 

Hieroglyphic Mountains, located within the 
Morgan City Area, Big Spring Area, and the 
northern portion of the Twin Buttes Area are 
characterized by peak, ridge, wash, and valley 
landforms.  Terrain slopes within the Hiero-
glyphic Mountains range from less than 10 
percent to greater than 25 percent.  Rock out-
crop and rock fragments typify soil constitu-
ents within the Hieroglyphic Mountains. 
Within the Morgan City Area and Big Spring 
Area, washes are typically incised in rock or 
well-cemented alluvial material.  The East Ter-
race area located east of the Agua Fria River 
and the southern portion of the Twin Buttes 
Area have landforms characterized with ter-
rain slopes of less than 10 percent and are 
underlain typically by alluvial material.  Sinu-
ous natural channels that are cut into alluvial 
material characterize washes in the East Ter-
race Area and in the southern portion of the 
Twin Buttes Area.  With the exception of the 
lower reach of Morgan City Wash, washes 
draining the study area watersheds are 
ephemeral.  Springs deliver water to the lower 
reach of Morgan City Wash providing flow 
year around.  Figure 2 displays major water-
courses that drain from the study area to the 
Agua Fria River, specific planning areas delin-
eated by unique physical characteristics, and 
photographs of some of the physical charac-
teristic of the area.

One of the unique characteristics of the area is 
the contrast in terrain from the planes and flat 
lands of the valley to the varied landforms of 
the Hieroglyphic Mountains.  Figure 3, Ter-
rain Slope Map, is a graphic representation of 
terrain slope in the area.  Terrain slope is often 
used by communities and agencies to define 
significant areas of preservation or areas 
where special development considerations 
must be met.  Maricopa County encourages 
preservation of, and applies development con-
siderations for significant mountainous areas 
with terrain slopes of greater than 15 percent 
where as the City of Peoria applies special 
development considerations for areas with 
terrain slopes of greater than 10 percent. 
3
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LAND OWNERSHIP

There are four primary entities with land own-
ership in the area: the United States Federal 
Government, Arizona State Trust Lands, Mari-
copa County, and private interests.  The per-
cent of land owned by each entity is 35% 
Federal, 32% State Trust, less than 1% County, 
and 31% private.  Figure 4 displays the distri-
bution of land ownership in the study area.

LAND USE

Planning documents developed by communi-
ties have a land use element that provides a 
framework for defining future development 
patterns.  The Land Use element helps guide 
future growth, revitalization and preservation 
efforts in the community.  An understanding 
of future or anticipated land use is key to the 
development of an area drainage master plan.  
Urbanization of an area typically alters exist-
ing rainfall runoff relationships that ulti-
mately could result in flooding impacts to the 
community.

Currently the study area is predominately 
undeveloped, however to identify future 
trends in stormwater runoff and conveyance, 
the City of Peoria’s Land Use Plan developed 
as part of the city’s General Plan is utilized in 
the development of the North Peoria ADMP.  
Figure 5, Future Conditions Constraints; 
depicts land use designations, floodplains, 
and areas of impending development in the 
study area.

REGIONAL AND LOCAL PLANNING EFFORTS

There are a number of planning documents 
that have been developed by county and city 
agencies to provide direction and guidance in 
regards to development and future land use 
within the North Peoria ADMP study area.  
Planning documents reviewed as part of the 
data collection are listed in Table 1.  A brief 
summary of the purpose of the document and 
relevance to the North Peoria ADMP is pro-
vided in the following sections.

Table 1
Regional and Local Planning Documents

Agency Document

City of Peoria General Plan

Lake Pleasant/North Peoria Area Plan

Peoria Desert Lands Conservation Master 
Plan

River Master Plan

Trails Master Plan

Flood Control District of Maricopa County Agua Fria Watercourse Master Plan

Maricopa County Comprehensive Plan-Maricopa County
Eye To The Future, 2020

White Tank/Grand Avenue Area Specific 
Plan

Maricopa County Association of 
Governments

Desert Spaces

Desert Spaces-Environmentally Sensitive 
Development Areas
4



Peoria General Plan

The Peoria General Plan is the fundamental 
planning document for the City of Peoria to 
guide growth and development within the 
City and its planning areas.  The plan was 
updated to include increased planning efforts 
mandated by Growing Smarter and Growing 
Smarter Plus legislative statutes.  The General 
Plan adopted by Peoria’s voters went into 
effect June 15, 2001.  Land Use, Recreation and 
Open Space, Safety, and Environmental 
Resources elements of the plan provide policy 
level guidance for development that are 
directly applicable to the North Peoria ADMP.  
The General Plan recognizes the unique char-
acter and natural resources of the northern 
half of the city which includes the North Peo-
ria ADMP study area and provides guidance 
so that there is a balance between facilitating 
development without endangering the protec-
tion of the natural resources in the area.

Lake Pleasant/North Peoria Area Plan

The Lake Pleasant/North Peoria Area Plan, 
completed by the City of Peoria in November 
of 1999, provides guidelines to assist in the 
preservation and enhancement of the environ-
mental, recreational and aesthetic values of 
the Lake Pleasant Area while allowing for 
controlled development that is sensitive to the 
goals of the plan and the natural environment.  
The Plan recognizes the assets of the unique 
physical characteristics, flood hazard, biologi-
cal and visual resources, as well as existing 
development constraints within the area.  The 
eastern portion of the Morgan City Area lies 
within the Lake Pleasant/North Peoria Plan 
boundaries.

Peoria Desert Lands Conservation Master 
Plan

The major goal of the Peoria Desert Lands 
Conservation Plan, completed in August of 
1999 is to “Maintain the vitality of the unique 
Sonoran Desert environment by providing 
high quality passive and active open space 
areas, while encouraging development that is 
sustainable and supportive of the environ-
ment”.  To meet the intent of the goal, recom-

mended policies that prescribe a course of 
action are provided to help guide develop-
ment.  In addition to recommended policies,  
sensitive land areas identified for potential 
preservation or conservation are presented.  
Sensitive land areas referred to as drainage 
corridors include, Morgan City Wash in the 
Morgan City Area, Unnamed Washes 1, 2, and 
3, and their major tributaries in the Big Spring 
Area, and Twin Buttes Wash in the Twin 
Buttes Area.

White Tanks/Grand Avenue Area Plan

Adopted in 1997, the Comprehensive Plan-
Maricopa County Eye to the Future 2020, 
requires that County-area plans be updated to 
ensure consistency with the Comprehensive 
Plan.  The White Tanks/Grand Avenue Area 
Plan adopted December 6, 2000 is an update 
of the White Tank/Agua Fria Policy and 
Development Guide and the Grand Avenue 
Corridor Area Land Use Plan.  The plan recog-
nizes the scenic beauty in the northern portion 
of the North Peoria ADMP study area and 
encourages preservation while recognizing 
property rights of landowners to develop their 
property.

Desert Spaces

In 1995, the Maricopa Association of Govern-
ments (MAG) adopted the Desert Spaces plan.  
Desert Spaces is a regional open space man-
agement plan designed to guide the members 
of MAG in protecting open space while allow-
ing for future community growth and devel-
opment.  The intent of the plan is to preserve, 
protect, and enhance significant natural and 
cultural resources.  Natural resources include 
upland landforms, rivers and washes, and 
wildlife habitat.  The plan also presents a 
regional network of trails that when imple-
mented would allow the public to enjoy the 
diversity of open space that the plan pre-
sents.  Mountainous areas designated for open 
space preservation includes the Hieroglyphic 
Mountains. Approximately half of the North 
Peoria ADMP study area is located in the 
Hieroglyphic Mountains.
5
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Desert Spaces-Environmentally Sensitive 
Development Areas

The Environmentally Sensitive Development 
Areas (ESDA) Plan adopted by MAG in June 
of 2000, presents policies and design guide-
lines for areas identified in the Desert Spaces 
Plan as “Retention Area”.  The purpose of the 
design guidelines is to provide guidance for 
both the public and private sectors for devel-
opment projects within Environmentally Sen-
sitive Development Areas.  Environmentally 
Sensitive Areas presented in the Plan include 
the northern portion of the North Peoria 
ADMP study area north of the Central Ari-
zona Project Canal.

ENVIRONMENTAL HAZARDS 
IDENTIFICATION

Within non-urbanized/rural watersheds natu-
ral environmental hazards associated with 
runoff from storm events exist.  Without suffi-
cient planning and management, natural haz-
ards are compounded as development occurs 
within a watershed.  In order to protect pri-
vate and public property, naturally occurring 
environmental hazards and hazards created 
by urbanization need to be identified.  Envi-
ronmental hazards associated with storm run-
off can be categorized into flood hazards and 
erosion hazards.  Under the authority of ARS 
48-3605, the Arizona Department of Water 
Resources (ADWR) has established criteria 
and standards for determining flood and ero-
sion hazard areas.  The North Peoria ADMP 
considers hydrology, hydraulics and geomor-
phic evaluations, sediment engineering and 
criteria established by ADWR in the identifi-
cation of flood and erosion hazards.

HYDROLOGY

Hydrologic analysis evaluates rainfall-runoff 
relationships for a given area (watershed) 
where the volume and rate of runoff is esti-
mated at specific locations.  An understanding 
of the hydrology of an area, both in existing 
and future watershed conditions is key in 
determining flood hazards and in identifying 
potential impacts to watercourses draining 
the watershed due to urbanization.  The 
results of hydrologic analyses conducted as 
part of the North Peoria ADMP are used for:

• Delineation of 100-year floodplain at 
selected locations.

• Sedimentation engineering and geomor-
phic analyses.

• Hydraulic evaluation of flood control 
management alternatives. 

• Hydraulic evaluation of stormwater stor-
age alternatives.

Approximately 126 watersheds were delin-
eated within the study area to determine rain-
fall runoff relationships for the 2-, 5-, 10-, 25-, 
50-, and 100-year frequency storm events for 
both existing and future conditions.  Figure 6 
depicts watersheds evaluated for the North 
Peoria ADMP.
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HYDRAULICS

Hydraulic analyses are conducted to deter-
mine the physical characteristics of a water-
course during a rainfall-runoff event.  
Hydraulic computer models facilitate the anal-
ysis and are developed to determine extent of 
flooding, water surface elevations, depth of 
flow, and velocity of flow for a runoff event.  
Models are developed for existing natural 
conditions and to evaluate different flood con-
trol management alternatives.  Results of 
models developed to evaluate flood control 
management alternatives are compared to the 
results from models that evaluate existing 
conditions to assess the impacts of an alterna-
tive on a watercourse.

Computer models utilized for the North Peo-
ria ADMP were developed as part of the 
ADMP or are models from effective Federal 
Emergency Management Agency (FEMA) 
100-year floodplain delineation.  Hydraulic 
models were developed for Unnamed Washes 
1, 2, and 3 that drain the Big Spring Area to the 
Agua Fria River.  Existing models developed 
for the FEMA 100-year floodplain delineation 
are used as the bases for hydraulic modeling 
of flood control management alternatives 
developed for the Twin Buttes Area.

Floodplain delineation conducted as part of 
the North Peoria ADMP were performed uti-
lizing detail and approximate method flood-
plain hydraulics.  Detail hydraulics requires 
the development of a computer model that 
defines 100-year floodplain and floodway 
limits.  Approximate method hydraulic uti-
lizes an equation referred to as Manning’s 
equation to define 100-year floodplain limits.
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GEOMORPHIC EVALUATION

Geomorphology 
is the study of 
landforms, the 
physical pro-
cesses that forms 
the land surface 
and the changes 
that take place in 
the evolution of 
the landform. 
Geomorphic 
evaluations con-
ducted for the 
North Peoria 
ADMP focused 
on watercourse 
landforms and 
lateral stability of 
a watercourse.  

Geomorphic evaluations conducted are based 
on field observations, aerial photographs 
(both historic and recent), historical channel 
position, stream longitudinal profile and 
allowable velocity guidelines.  The results of 
the evaluation documents physical changes to 
the watercourse that have occurred over time 
and suggest the types of changes that can be 
expected in the future. 

In general, historical and field evidence sug-
gests that the floodplains of the watercourses 
in the study area, where not incised in bed-
rock, are subject to lateral erosion.  The 
streams in the study area flow within shallow 
canyons comprised of Middle to Late Pleis-
tocene alluvium or bedrock.  Within recent 
geologic time, the streams appear to have 
migrated over the entire canyon bottom, grad-
ually widening the canyons through lateral 
erosion.  The highest erosion hazards occur on 
these canyon bottoms and at the margins of 
the older surfaces that form the canyon walls.  
The results of the geomorphic evaluation indi-
cate there is a potential for lateral migration in 
the study watercourses and thus a potential 
public safety hazard.  Results of the evalua-
tions are used to develop erosion hazard 
zones.

SEDIMENT ENGINEERING

The primary objective of the sediment engi-
neering analysis for the North Peoria ADMP is 
to estimate the existing and future sediment 
yield, with emphasis on sediment deposition 
and maintenance requirements upstream of 
the Central Arizona Project (CAP) canal drain-
age crossings, and sediment storage for future 
regional retention/detention facilities.

Sediment yield is the amount of solid material 
transported past a given point in a stream sys-
tem, or alternately, the amount of material 
deposited in an enclosed basin.  Sediment 
yield includes particles small enough to be 
carried in suspension by the flowing water 
(suspended load) and particles moved along 
the bottom of a channel by rolling, sliding, or 
bouncing (bed load). When flow velocities are 
reduced, sediment carried by a stream is 
deposited.  Flow velocities can be reduced by 
natural or manmade changes in channel slope 
or channel geometry, or by impoundment in 
flood control basins.  Sediment yield is a major 
concern for public officials in charge of main-
taining the effectiveness of flood control struc-
tures because sedimentation behind dams or 
in floodways reduces the volume of water 
that can be stored or transported through the 
system.  A reduction in effective storage vol-
ume increases the likelihood of a spillover in 
larger runoff events, increasing the chances of 
injuries, damage to the structure itself, prop-
erty damage downstream and possible loss of 
human life. 
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FLOOD AND EROSION HAZARD ZONES

Floodplain delineation and erosion hazard 
zones form the basis for the identification of 
potential public safety hazards associated 
with natural processes that form the physical 
characteristics of watercourses within the 
study area.  Floodplains based on a 100-year 
peak discharge and erosion hazards zone 
delineation were conducted for watercourses 
in the Morgan City Area, Big Springs Area, 
and the Twin Buttes Area, whereas only flood-
plain delineation was conducted for the East 
Terrace Area.  

With the exception of the East Terrace Area 
100-year floodplains and erosion hazard 
zones where delineated for watercourses with 
drainage areas of approximately one square 
mile.  In the East Terrace Area, due to soil con-
ditions, rainfall runoff relations were higher 
than in the rest of the study areas, therefore 
floodplains were delineated for watercourses 
with drainage areas of less than a square mile.  
Floodplains and erosion hazard zones devel-

oped as part of the North Peoria ADMP, and 
floodplains previously delineated by other 
studies are displayed on Figure 7, Figure 8, 
Figure 9, and Figure 10.

ENVIRONMENTAL CHARACTERISTICS

Environmental overviews were conducted to 
define the ecological/biological resources, cul-
tural/historical resources, regulatory hazard-
ous waste sites, and visual resources of the 
area.  The overviews are based on available 
existing information and data collected during 
reconnaissance level field visits.  Results of the 
overviews are then utilized in the formulation 
and evaluation of flood control management 
alternatives.

BIOLOGICAL RESOURCE OVERVIEW

The focus of the biological resources overview 
was to describe and map vegetation commu-
nities to the association level, identify the 
potential occurrence of sensitive, threatened, 
and endangered species and assess sensitive 
or special status habitats within the project 
area.  Mapping of vegetation communities 
and assessment of sensitive or special status 
habitats were based on low intensity field sur-
veys.  Threatened, endangered, and sensitive 
species that potentially occur in the planning 
area were determined by consulting the spe-
cies list from the U.S. Fish and Wildlife Service 
for Maricopa County, and through a search of 
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the heritage database at the Arizona Game 
and Fish Department.

Twelve plant associations were identified 
within the project area.  Several of the associa-
tions have large numbers of plant species in 
common, such that the associations differ only 
in respect to the relative proportions of each 
species.  The location and distribution of plant 
communities are displayed on Figure 11.

Two special sta-
tus species, Sono-
ran Desert 
tortoise and low-
land leopard 
frog, are known 
to occur within 
the planning 
area.  The distri-
bution of low-
land leopard 
frogs is restricted 
to the lower lim-
its of Morgan 
City Wash and 
the Agua Fria 
River drainage, 

while Sonoran Desert tortoise probably occur 
throughout most of the planning area.  Addi-
tionally, southwestern willow flycatchers and 
lesser-long nosed bats may not occur within 
the area at present, but suitable and sufficient 
habitat exists to support individuals of both 
species.  Additional species might become 
listed as threatened or endangered by the fed-
eral government before development is initi-
ated in the area (e.g., yellow-billed cuckoo).  
Surveys for species that are currently listed or 
that may become listed as threatened or 
endangered, and possibly consultations with 
the U.S. Fish and Wildlife Service, will be nec-
essary to minimize or avoid development 
impacts to these species.  At present, there are 
no critical habitat designations for any species 
within the planning area.

The only sensitive and biologically unique 
habitat within the planning area is the aquatic 
area and the accompanying riparian gallery 
forest that occur along the lower reaches of 
Morgan City Wash.  This habitat extends from 
the confluence with the Agua Fria River 
upstream to above the springs that deliver 
water to the wash.  The riparian gallery forest 
is well developed and mature throughout this 
area. The stream supports numerous species 
of wetland plants and aquatic species includ-
ing native fish such as longfin dace (Agosia 
chrysogaster) and lowland leopard frogs.

CULTURAL RESOURCES OVERVIEW 

Cultural Resources is a very broad term.  For 
the purposes of the North Peoria ADMP, we 
refer to cultural resources within the context 
of preservation.  A cultural resource includes 
prehistoric, historic, architectural, and tradi-
tional cultural sites.  These sites are consid-
ered important, because they represent 
locations and data that can inform us about 
cultures and cultural change through time.  

Cultural resource 
laws are designed 
to afford protec-
tion to significant 
sites so that impor-
tant cultural and 
historical informa-
tion is not lost.  
Protection can 
occur by simply 

protecting sites, or by professionally excavat-
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ing them before they are destroyed in order to 
gather relevant information.

The Cultural Resources Overview is based on 
a literature review of existing archeological 
databases.  The overview describes the loca-
tion and significance of known cultural 
resources.  Of the 46,720 acres within the 
study area approximately 7,703 acres have 
been previously surveyed.  This computes to 
approximately 17 percent coverage of the 
project area, with 83 percent of the project area 
not surveyed.  A total of 239 surveys were 
accomplished within the project area, of 
which  325 archaeological sites were observed, 
with 278 of those prehistoric, 35 of those his-
toric, and 12 of those multi-component sites.  
Figure 12 displays the location of archeologi-
cal sites in the project area determined from 
the overview.

LANDSCAPE CHARACTER AND VISUAL 
RESOURCES

Landscape Charac-
ter and Visual 
Resources Assess-
ment evaluations 
are conducted as 
part of the North 
Peoria ADMP for 
the purpose to:

• Assess the sce-
nic qualities/
attractiveness 
of the existing 
natural and cul-
tural features.

• Assess the existing visual conditions or 
scenic integrity.

• Identify existing major viewing points and 
landmarks with the intent that they be 
focal points for possible flood control 
management alternatives.

• Develop landscape character themes 
(including existing, future, and historic) 

that could be incorporated into the design 
of flood control management alternatives.

• To aid in the development of landscape 
design guidelines that will achieve the 
desired character theme(s) as they apply 
to possible flood control management 
alternatives.

Visual resources are defined by the scenic 
quality/attractiveness of the natural and cul-
tural features of an area.  Loosely defined sce-
nic attractiveness rates the inherent 
attractiveness of a landscape on a scale of (A) 
distinctive, common, (B) typical, or (C) indis-
tinctive.  Landforms such as mountain peaks 
and ridges, plains, valleys, and washes are 
taken into consideration along with the pres-
ence of water in defining scenic attractiveness.  
Criteria published in the Landscape Character 
Types of the National Forest in Arizona and 
New Mexico by the USDA Forest Service 
(1989) were utilized to rate scenic attractive-
ness.  Figure 13 displays scenic attractiveness 
classifications for the study area.  

Landscape character units for the study area 
are defined utilizing criteria per the Land-
scape Aesthetics Handbook #701 published 
by the USDA Forest Services (1995).  Land-
scape character is the “particular attributes, 
qualities and traits of a landscape that give an 
image and make it identifiable or unique”.  In 
the project area landscape character units are 
based on tectonic provinces, vegetation types 
and existing land use.  Within the project area 
six existing landscape character units were 
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identified: Mountain Lands, Slopes, Plains, 
Commercial Use, Rural Subdivisions, and 
Riparian Gallery Forest.

MULTIPLE-USE OPPORTUNITIES

Multiple-use opportunities are opportunities 
identified to meet local community needs for 
recreation, open space, protection and 
enhancement of natural landscape and local 
community character as related to proposed 
flood control management alternatives.  Exist-
ing and proposed recreational facilities, man-
agement plans and trails plans are inventoried 
on a regional and local level so that the extent 
to which flood control management alterna-
tives could be used to enhance and connect 
these resources can be identified.  Regional 
passive recreational resources (existing and 
planned) adjacent to the study area include, 
Lake Pleasant, Hells Canyon Wilderness Area, 
Castle Hot Springs, and linear park/open 
space networks (City of Peoria’s Rivers Master 
Plan (January 1999)) that connect with a trail 
system proposed in the City of Peoria Trails 
Master Plan along the Agua Fria River.  Figure 
14 displays the recreational regional context of 
the area.  Existing local recreational resources 
are characterized by the privately owned Can-
yon Raceway, Pleasant Valley Airport, and 
open space land use proposed in the City of 
Peoria’s General Plan.  The City of Peoria’s 
General Plan recommends that the environ-
mentally sensitive areas in the northern region 
(includes portions of the North Peoria ADMP 

study area) of the City, additional landscaped 
retention areas within Planned Area Develop-
ments, water recharge areas, open space buff-
ers adjacent to Lake Pleasant Regional Park, 
the Agua Fria and New River recreation corri-
dors and New River Dam retention area be 
used to meet its open space goals of providing 
10 acres of open space per 1000 population.

As an element of the North Peoria ADMP, an 
assessment of opportunities and limitations 
for integrating multiple-use recreational fea-
tures into preferred flood control management 
alternatives was conducted.  Opportunities 
identified are primarily located along Morgan 
City Wash in the Morgan City Area, Unnamed 
Washes 1, 2 and 3 in the Big Spring Area, and 
Caterpillar Wash and Twin Buttes Wash in the 
Twin Buttes Area.  The location of multiple–
use recreational facilities along these wash 
corridors are primarily limited to the 100-year 
floodplain and/or erosion hazard zone and 
possible detention/retention facilities, located 
within a wash, that may be constructed by 
developers.  Figure 15 displays potential wash 
corridor trail systems for the north Peoria 
ADMP area.

����������	���	�

������ �+���������� �������	
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PUBLIC INVOLVEMENT

An integral part of the preparation of the 
North Peoria ADMP was public and commu-
nity participation.  Ninety-eight percent of the 
property in the study area is held by federal, 
state and private interest with the majority of 
the private interest (approximately 31% of the 
area) held by a few individuals or partner-
ships that are planning on developing their 
property.  Typically, private lands are undevel-
oped and owners are absentee owners.  The 
nature and distribution of land ownership 
does not lend itself to a typical public involve-
ment process of conducting a series of public 
information meetings.  A public outreach pro-
gram consisting of questionnaires, newslet-
ters, individual meetings with landowners 
and federal, state and local agencies and a 
public meeting was initiated to obtain public 
and community participation.  

Landowners in the area were notified of the 
development, goals, and progress of the plan 
through individual mailings of newsletters, 
questionnaires, and public announcements in 
local newspapers.  A public workshop was 
held to present data collection results, policy 
development, alternative stormwater manage-
ment approaches developed for the plan and 
to obtain comments and suggestions from par-
ticipants.  

Throughout the term of the project, individual 
meetings were held with engineers and/or 
planners representing the interests of ongoing 

development projects.  Development projects 
within the plan area include Lake Pleasant 
Vistas, Saddleback Heights, White Peaks 
Ranch, Lake Pleasant Heights, Lakeland Vil-
lage, Upco, and the groundwater recharge 
project conducted by the Central Arizona 
Project. 

FLOOD CONTROL MANAGEMENT 
ALTERNATIVES DEVELOPMENT AND 

EVALUATION

The North Peoria ADMP provides a regional 
approach to flood control management.  
Development of flood control management 
alternatives and policies that forms the foun-
dation of the plan takes into account engineer-
ing, environmental, landscape, social and 
economic considerations.  Watershed manage-
ment alternatives are developed to mitigate/
minimize the effect of urbanization on storm-
water runoff and conveyance while recogniz-
ing the values of the community and the 
opportunity to protect the unique characteris-
tics of the region.  Flood control management 
alternatives are evaluated on how well each 
alternative meets the goals of the North Peoria 
ADMP.  The primary purpose for flood control 
management alternative development and 
evaluation is to develop a range of plans that 
provides public safety from flood and erosion 
hazards, determine the cost and benefits of 
each alternative, qualitatively determine 
impacts of the alternative on identified envi-
ronmental resources and to select a preferred 
management plan.

FLOOD CONTROL MANAGEMENT 
ALTERNATIVES

Flood control management alternatives devel-
oped and evaluated for the North Peoria 
ADMP are categorized into two groups: 
watercourse management.  Alternatives and 
stormwater storage alternatives.  Watercourse 
management alternatives evaluated included 
a non-structural, a partial structural, a low 

.�/ �������	���
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impact structural, a full structural, and a no 
action. The full structural alternative is based 
on current federal, state, and local floodplain 
management regulations that allow encroach-
ment into the floodway fringe.  The full struc-
tural alternative typically requires, at a 
minimum, the structural stabilization of wash 
side slopes for the entire reach.  The partial 
structural alternative also is based on current 
floodplain management regulations, however 
the partial structural solution is applied at 
only specific locations along the watercourse.  
The low impact structural alternative allows 
for development activity to occur within the 
erosion hazard zone as long as the activity 
does not significantly alter the natural form 
and function of the watercourse.  The non-
structural alternative defines a corridor that 
allows the watercourse to function naturally.  
The no action (do nothing) alternative pro-
vides flood control management based on cur-
rent federal, state and local floodplain 
management regulations that allows 
encroachment into the floodway fringe.  Typi-
cally, under current regulations encroach-
ments into the floodway fringe are allowed on 
a piece-meal fashion without taking into con-
sideration the effect of the encroachment or 
collective encroachments on the entire water-
course.  Typical sections of watercourse-based 
alternatives are depicted in Figure 16, Figure 
17, Figure 18, and Figure 19. Stormwater stor-
age alternatives evaluated include the stan-
dard practice of retaining the volume of flow 
from the 100-year, 2-hour event, in-stream, in-
line detention alternative and an in-stream, 
off-line retention alternative.  Perspectives of 
the in-line detention alternative and the off-
line retention alternative are presented as Fig-
ure 20 and Figure 21.

The evaluation/application of an alternative 
for a given watercourse is based on physical 
and data constraints.  Physical constraints 
include land use, topography, the location, 
and distribution of rock outcrop, and charac-
teristics of the floodplain (i.e. floodway limits 
coincidental with floodplain limits).  Data con-
straints are the availability of hydraulic mod-
els.  Hydraulic evaluations of watercourse-

based alternatives are developed for water-
courses in which detail hydraulic models were 
developed as part of the study or available 
from previous studies.  The full structural 
alternative is applied only to watercourses in 
the Twin Buttes area below the CAP canal.  
The partial structural alternative is evaluated 
for the three unnamed washes that drain the 
Big Spring Area to the Agua Fria River.  The 
low impact structural alternative is evaluated 
for all watercourses in which erosion hazard 
zones have been delineated as part of this 
study.  The non-structural alternative and the 
no action alternative are evaluated for all 
watercourses in which hydraulic models were 
available. 

Both Maricopa County and the City of Peoria 
require retention/detention (stormwater stor-
age facilities) for all new developments.  The 
goal of this requirement is to reduce/mini-
mize the impacts of the increased runoff due 
to development in the watershed.  Ideally, this 
is accomplished by controlling the post-devel-
opment runoff such that it is equivalent in 
magnitude, duration, and temporal distribu-
tion to the pre-development conditions.  To 
achieve this goal, both Maricopa County and 
the City of Peoria use the 100-year, 2-hour 
storm as the design event for sizing retention/
detention facilities.

Traditionally, retention has been accomplished 
by storing the 100-year, 2-hour runoff volume 
in below grade basins.  These basins typically 
are drained by percolation into the soil and/or 
a small outlet structure connected to a water-
course often via an extensive storm drain sys-
tem.  The effectiveness of this type of facility, 
both economically and hydraulically, is a 
function of the soil and terrain characteris-
tics.  Shallow soils with low permeability rates 
and/or soils that occur on steep slopes are not 
conducive to this particular application.  

Fifty percent of the North Peoria ADMP 
project area have soils types that are character-
ized by moderate to moderately slow perme-
ability; low to very low available water 
capacity and shallow depth to bed rock or 
14



hard pan, typically less than two feet.  Addi-
tionally, these soils typically occur on steep 
slopes.  The steep terrain associated with these 
soils combined with the shallow depth to bed-
rock results in physical conditions that are not 
suitable to the traditional technique for pro-
viding retention.  As a result, the retention/
detention requirement for development sites 
with these characteristics has, in the past, 
often been waived; however, the presence of 
such physical characteristics does not mean 
that alternative methods of retention/deten-
tion shouldn’t be investigated or required.  
Therefore, two alternative methods for reduc-
ing or decreasing the effects of increased run-
off due to development are evaluated for this 
study area.  These methods are in-stream, off-
line retention and in-stream, in-line detention.

ALTERNATIVE EVALUATION

Flood control management alternatives are 
evaluated on how well each alternative meets 
the goals of the North Peoria ADMP. The eval-
uations of the alternatives are based on 
weighted elements of four criteria.  The crite-
ria are Public Safety, Social Impacts, Environ-
mental Impacts, and Economic Impacts.  A 
weighting factor was developed by the steer-
ing committee that represents the “relative 
importance” of each element in the evaluation 
process.  The weighting factors were mea-
sured on a scale of 1 to 10, where a factor of 10 
represented highest importance.  Weighing 
factors of 10, 3, 6, and 4 were used for Public 
Safety, Social Impacts, Environmental 
Impacts, and Economic Impacts, respectively.

Each criterion is made up of several elements 
that are individually rated.  A rating system is 
used to measure the effectiveness of each 
alternative at meeting the elements of each cri-
terion.  The rating system ranges from 1 to 5.  
A value of 1 represents a “very low” rating at 
meeting the criteria element, a value of 2 rep-
resents a “low” rating, a value of 3 represents 
a “moderate” rating, a value of 4 represents a 
“high” rating, and a value of 5 represents a 
“very high” rating.  Rated values for each ele-
ment are averaged to obtain an average value 
for the criterion.  The average rating value is 

then multiplied by the appropriate weighting 
factor to obtain a score for the criterion.  Scores 
determined from the four criterion are then 
added together to obtain an overall score for 
the alternative.

Public Safety Criterion

The public safety criterion is based on evaluat-
ing the threat for loss of human life, possible 
damage to structures and property and 
impacts to water quality resulting from imple-
mentation of a given alternative.  This crite-
rion is an indicator of how well the proposed 
alternative will succeed in reducing or elimi-
nating life threatening, or potentially life 
threatening, flood and erosion related haz-
ards, as well as reducing the potential for 
flood and erosion related damage to public 
and private properties. The evaluation of the 
public safety criterion is based on the effec-
tiveness of each alternative in satisfying the 
two elements of the Public Safety Criterion.  
The two elements are Protect Life and Prop-
erty and Water Quality.  

Protect Life and Property.  Historically, society 
has experienced loss of life and property due 
to flooding and erosion that is associated with 
a stormwater runoff event.  This element rates 
the function of the alternative to keep the pub-
lic out of harms way during a 100-year storm 
event while minimizing potential downstream 
impacts to life, property and structures.

Water Quality.  Federal guidelines mandate 
that communities develop Best Management 
Practices (BMPs) to promote water quality.  
This element accounts for the impacts of an 
alternative on water quality.

Social Criterion

The evaluation of the social impact criterion is 
based on the effectiveness of each alternative 
in satisfying the elements of Community 
Acceptance, Multiple-use Opportunities, and 
Compatibility with Other Plans. 

Community Acceptance.  This element accounts 
for the input received from the public involve-
15
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ment process.  There is a nationwide trend 
towards promoting non-structural approaches 
and ecosystem preservation, as witnessed by 
the removal of flood control structures in 
many parts of the country.  Federal agencies 
such as the U.S. Army Corps of Engineers and 
the U.S. Bureau of Reclamation have, in recent 
years, significantly changed their focus from 
hard engineering solutions to include non-
structural alternatives, preservation of natural 
hydrologic functions, and ecosystem restora-
tion.  The specific input from the public 
involvement process was that the preservation 
of watercourses and their associated habitat is 
more important than maximizing developable 
land by destroying the natural hydrologic pro-
cesses, which results from encroaching into 
watercourses. 

Multiple-use Opportunities.  This element is an 
indicator of the multiple-use opportunities of 
an alternative.  Examples of such uses 
included passive and active recreation, trails, 
and open space.  The effectiveness of the crite-
rion is based on the extent of multi-use oppor-
tunities that result from implementing a given 
alternative.

Compatibility with Other Existing Plans.  This 
element is an indicator of the compatibility of 
a proposed alternative with planning policies 
cited in other existing planning documents.  
Planning documents reviewed are, Compre-
hensive Plan-Maricopa County’s Eye to the 
Future 2020 (1997), and White Tank/Grand 
Avenue Area Plan (December 6, 2000); MAG’s 
Desert Spaces Plan (1995) and ESDA (June 
2000); and the City of Peoria’s General Plan 
(June 2001), Desert Lands Conservation Mas-
ter Plan (Auusst 1999), Lake Pleasant/North 
Peoria Area Plan (November 1999) and Trails 
Master Plan (January 1999).

Environmental Criterion

The evaluation of the Environmental Criterion 
is based on the effectiveness of each alterna-
tive in satisfying the three elements of Envi-
ronmental Impacts, Visual Resources and 
Aesthetic Compatibility, and Impacts on Cul-
tural Resources.

Environmental Impacts. This element consists of 
two sub elements: complexity of environmen-
tal permitting and impacts on biological 
resources.  Complexity of Environmental Per-
mitting focuses on the acquisition of the U.S. 
Army Corps of Engineers 404 Permits and 401 
Water Quality Certifications.  The alternatives 
are measured based on the potential for need-
ing a 404 Permit, the level of 404 Permit 
required (Nationwide vs. Individual), and the 
level of mitigation necessary to gain federal 
approval to construct the alternative.  To eval-
uate this element, it is assumed that alterna-
tives with structural features will cause 
disturbance to the land within the Waters of 
the United States.  The more extensive the 
structural features, the lower the rating.  As an 
example, constructing a wide, rectangular, 
concrete channel would place fill within the 
Waters of the United States, require an Indi-
vidual 404 Permit and 401 Water Quality Cer-
tification, and require extensive mitigation 
measures to replace the relatively high-value 
habitat and vegetation associated with the 
undisturbed desert riparian wash.  Impacts on 
biological resources accounts for the potential 
impact on biological resources by the pro-
posed alternatives and how well the proposed 
management alternative will succeed in pre-
serving or restoring the natural riparian envi-
ronment found along the study watercourses.  
The most important indicator of this is the 
ability of a given alternative to preserve wild-
life habitat or minimize disruption to existing 
habitat.

Visual Resource and Aesthetic Compatibility.  
This element evaluates the relative degree of 
contrast between the various components of 
the alternatives and their setting in the land-
scape.  Visual contrast is based on spatial 
dominance, visual compatibility, color, line, 
and form.  

Impact on Cultural Resources.  This element 
accounts for the potential impact on cultural 
resources by a given alternative.  It is also an 
indicator of how well the alternatives will suc-
ceed in preserving cultural resources. 
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Economic Criterion

The evaluation of the economic criterion is 
based on the effectiveness of each alternative 
in satisfying two elements: Implementation 
Cost and Maintenance Cost. 

Implementation Cost.  This element represents 
the estimated cost of the proposed alternative 
to the public, either through increased devel-
opment costs passed on to future residents of 
the area who will directly benefit from the 
improvements (local public) or the costs to the 
general public.  The cost for a structural alter-
native considers the cost of the structural 
improvements necessary to implement the 
proposed alternative (a positive cost), the 
value of land that is reclaimed from the flood-
plain/erosion hazard zone by the structural 
improvements (a negative cost, i.e., benefit).  
Added together, these costs represent the total 
net cost of the alternative.  The effectiveness of 
a given alternative is measured by using the 
total net cost.  The lower the net cost the 
higher the rating for the Economic Criterion.

Maintenance Cost.  This element accounts for 
the potential maintenance costs associated 
with the structural components of an alterna-

tive.  It has been assumed that such costs are 
proportional to the length of bank protection 
proposed for a given alternative.  The greater 
the bank protection length, the higher the 
potential maintenance cost and the lower the 
rating.

SUMMARY OF EVALUATION RESULTS

Flood control management alternatives were 
developed for watercourses in the Morgan 
City Area, Big Spring Area, and Twin Buttes 
area.  Table 2 lists the watercourse evaluated 
within the specific planning areas.  The water-
courses within a planning area have similar 
physical and hydraulic characteristics and 
therefore are evaluated collectively.  Results of 
the evaluation are applied to all watercourses 
in a specific planning area.  Scoring results, for 
watercourse management alternatives, for 
planning areas are listed in Table 3.

Stormwater storage flood control manage-
ment alternatives were developed and evalu-
ated for the Big Spring Area with the intent 
that the results are applied to other planning 
areas that have characteristics such that the 
standard practice of retaining the 100-year, 2-

Table 2
Watercourses Evaluated

Planning Area Watercourse

Morgan City Morgan City Wash

Big Spring Unnamed Wash 1

Unnamed Wash 2

Unnamed Wash 3

Twin Buttes Caterpillar Tank Wash

Twin Buttes Wash

East Garambullo Wash

West Garambullo Wash

White Peak Wash

West Fork of White Peak Wash
17
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hour event is not practical.  Scoring results for 
the stormwater storage are listed in Table 4.

PREFERRED FLOOD CONTROL MANAGEMENT 
ALTERNATIVES

The preferred watercourse-based flood con-
trol management alternative is the non-struc-
tural alternative.  The non-structural 
alternative defines a corridor that allows the 
watercourse to function naturally and is 
defined by the 100-year floodplain, erosion 
hazard zone and a buffer if applicable 
between human activity and a wash corridor.  
The plan recognizes that there may be situa-
tions in which development activities may be 
required or desired within the erosion hazard 
zone, for this situation the plan presents a low 
impact structural alternative.  Channelization 
is not a preferred flood control management 
alternative; however, the plan also recognizes 
that there may be situations in which channel-
ization may be required.  The preferred storm-
water storage alternative is the standard 
practice of retaining the volume from the 100-
year, 2-hour rainfall event, however this prac-
tice may not be practical for certain portions of 
the study area.  The standard retention prac-
tices if implemented within an entire water-
shed would have negative impacts in regards 
to sustaining native vegetation along water-
courses.  The plan offers two stormwater 

reduction alternatives to the standard practice.  
The stormwater storage alternatives are based 
on reducing post-development peak dis-
charges to pre-development magnitudes.  The 
alternatives are referred to as the in-stream, 
off-line retention alternative and in-stream, in-
line detention alternative.  The in-stream, off-
line retention is the preferred alternative of the 
two. 

COMPATIBILITY WITH OTHER 
PLANNING DOCUMENTS

Components of preferred flood control man-
agement alternatives are compared to compo-
nents of environmental resources, safety, and 
open space elements of other planning docu-
ments to ensure that there is consistency 
between the intent of the North Peoria ADMP 
and the intent of other planning documents.  
Table 5 lists the themes of objectives and poli-
cies from the North Peoria ADMP and other 
applicable planning documents that have sim-
ilar goals.

Table 4
Summary of Evaluation Results Stormwater Storage Based Alternatives

Planning
Area

Evaluation
Criteria

Weighting
Factor

In-Stream, Off-Line 
Retention

In-Stream, In-Line 
Detention

Rating Score Rating Score

1 2 3 4 5 6 7

Big Spring Public Safety 10 7 68 6 64

Social 3 11 34 10 31

Environmental 6 10 60 9 53

Economic 4 6 24 6 24

Total Score = 186 172
19



20

N
O

RT
H
 P

EO
RI

A

A
RE

A
 D

RA
IN

A
G

E 
M

A
ST

ER
 P

LA
N

T
ab

le
 5

S
u

m
m

ar
y 

of
 R

eg
io

n
al

 a
n

d
 L

oc
al

 P
la

n
n

in
g 

O
b

je
ct

iv
es

P
la

n
n

in
g 

D
oc

u
m

en
t

O
b

je
ct

iv
e 

P
ol

ic
ie

s

Discourage Development within 100-year 
floodplain in Environmentally Sensitive Areas

Disrourage Development within 
Erosion Hazard Zones

Encourage the Use of Non-Structural Flood
Control Management Techniques Where Applicable

Promote the Design of Flood Control Structures that
are Sensitive to the Natural Environment

Manage Increases in Stormwater Runoff 
due to Urbanization

Changes to Natural Drainage Patterns Should be 
Avoided in Environmentally Sensitive Land Areas

Appropriate Structures Should be 
Designed for Roadway Cross Drainage

Recognition/Preservation of Unique Landforms

Designation of Environmentally Sensitive Areas

Recommend Development Guidelines that are 
Sensitive to the Natural Environment

Preserve and Protect Habitat Areas and Areas 
of Vegetative Significance

Preserve and Protect Historical and 
Archaeological Resources

Recognize Multiple-Use Recreational 
Opportunities within an Open Space Network

Establish Buffer Between Human Activities and
Environmentally Sensitive Areas

Recommend that Special Development Guidelines 
for Area with Terrain Slopes Greater than 10% 
(City of  Peoria) or 15% (Maricopa County).

C
it

y 
of

 P
eo

ri
a’

s 
G

en
er

al
 P

la
n 

(J
un

e 
20

01
)

�
�

�
�

�
�

�
�

�
�

�

La
ke

 P
le

as
an

t/
N

or
th

 P
eo

ri
a 

A
re

a 
P

la
n 

(N
ov

em
be

r 
19

99
)

�
�

�
�

�
�

�
�

�
�

�
�

P
eo

ri
a 

D
es

er
t 

La
nd

s 
C

on
ve

rv
at

io
n 

M
as

te
r 

P
la

n 
(A

ug
us

t 1
99

9)
�

�
�

�
�

�
�

�
�

D
es

er
t S

pa
ce

s 
(1

99
5)

�
�

�
�

�
�

�
�

�
�

�
�

W
hi

te
 T

an
k 

G
ra

nd
 A

ve
nu

e 
A

re
a 

Sp
e-

ci
fic

 P
la

n 
(D

ec
em

be
r 

6,
 2

00
0)

�
�

�
�

�
�

N
or

th
 P

eo
ri

a 
A

re
a 

D
ra

in
ag

e 
M

as
te

r 
P

la
n 

(2
00

1)
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�



RULES OF DEVELOPMENT

INTRODUCTION

Communities develop drainage ordinances, 
policies, and standards with the intent to miti-
gate/minimize flooding impacts due to 
urbanization of a watershed.  The purpose of 
these regulations is to minimize the occur-
rence of losses, hazards, and conditions 
adversely affecting the public health, safety, 
and general welfare that might result from 
flooding caused by the surface runoff of rain-
fall.  Potential rainfall runoff relation impacts 
to a watershed due to urbanization are:

• Decrease of stormwater infiltration capac-
ity within a watershed due to urbaniza-
tion increases peak discharge from a 
watershed unless measures are under-
taken to reduce post development peak 
discharges.

• An increase of peak discharge, frequency, 
and runoff volume due to urbanization in 
a watershed increases the potential for 
erosion and sedimentation within water-
courses.

• An increase in erosion potential can result 
in loss of property and riparian habitat.

• Due to an increase in peak discharge, 
existing drainage structures downstream 
of newly urbanized areas will be under-
sized.

• Increase in peak discharge increases the 
amount of property within a floodplain. 
Existing structures within or adjacent to 
the predevelopment floodplain are at risk 
of a greater flood impact.

• Disruption of natural flow paths can dis-
rupt the natural system equilibrium and 
induce bank erosion and long-term degra-
dation of the channel bed.

• An increase in bank erosion and long-term 
channel bed degradation can result in the 
need of grade control structures and bank 
stabilization.

• Increased erosion and deposition will 
result in greater costs for future structures, 
higher potential damage and likelihood of 
failure of existing structures, and 
increased maintenance cost.

• Increased deposition results in loss of 
channel capacity and increased flood lev-
els. 

NORTH PEORIA AREA DRAINAGE MASTER 
PLAN ELEMENTS

The North Peoria ADMP is one of the many 
tools that have been developed to guide 
growth and development in the study area so 
that impacts of urbanization on the environ-
ment are minimized.  The focus of the North 
Peoria ADMP is on flood and erosion control 
management; however, the plan takes into 
consideration the impacts of different flood 
control management alternatives on environ-
mental, cultural, and visual resources and 
looks at multi-use opportunities. The intent of 
this plan is to work in conjunction with other 
planning documents and ordinances devel-
oped by the City of Peoria and Maricopa 
County.  The plan is to be used by policy mak-
ers in the City of Peoria and Maricopa County, 
future residents, and developers when mak-
ing decisions concerning development in the 
area.

Implementation of and guidance provided by 
the plan is based on a set of management 
goals, objectives, and policies for each of the 
four elements of the plan.  The elements are 
Environmental Hazard Identification, Devel-
opment and Planning Considerations, Envi-
ronmental, and Multiple-Use Opportunities.  
The following definitions of goal, objective, 
and policy area are offered as a guide for the 
users of the plan.

Goal: A statement that describes in general 
terms a desired future condition.
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Objective: A statement that describes a spe-
cific condition to be attained.

Policy: A course of action or rule of con-
duct to be used to achieve the goals 
and objectives of the plan.

The plan area for the North Peoria ADMP lies 
within two jurisdictional areas, Maricopa 
County and the City of Peoria.  The specific 
guidance that is offered by each of the govern-
mental bodies within their adopted planning 
programs vary depending on their needs and 
their vision for managing growth.  The goals 
objectives and policies developed for the 
North Peoria ADMP are applicable to both 
jurisdictions; however, reference is made to 
other planning documents that offer develop-
ment guidance. The user of this document 
should also take into consideration specific 
goals, objectives and policies developed for 
the area by both jurisdictions. 

North Peoria ADMP elements, goals and 
accompanying objectives and policies that are 
similar or the same as guidance/direction pro-
vided in adopted planning documents, and/
or ordinances are presented or repeated for 
this plan because they are instrumental to the 
implementation and maintenance of the pre-
ferred flood control management alternatives 
of the plan. 

Environmental Hazards Identification

Within non-urbanized/rural watersheds natu-
ral environmental hazards associated with 
runoff from storm events exist.  Without suffi-
cient planning and management, natural haz-
ards are compounded as development occurs 
within a watershed.  In order to protect pri-
vate and public property and the health and 
general welfare of the public, naturally occur-
ring environmental hazards and hazards cre-
ated by development need to be identified.  
Environmental hazards associated with storm 
runoff can be categorized into natural flood 
hazards, erosion hazards, sediment deposition 
hazards, and flood hazards associated with 
development.

The following environmental hazard identifi-
cation Goals, Objectives, and Policies seek to 
advance the intent of Federal, State, County, 
and City of Peoria guidelines for the treatment 
of identified environmental hazards.

Goal EH1 - Identify environmental hazards associ-
ated with stormwater runoff.

Objective EH.1.1
Identify special flood hazard zones per the 
guidelines of FEMA and the District.

Policy EH.1.1.1
Require all development to use at least 
the regulatory 100-year floodplain 
delineation identified by FEMA and/
or the District and associated 100-year 
peak discharges in their planning and 
design efforts.

Policy EH.1.1.2
Require all development to delineate 
flood hazards zones for areas not cov-
ered by delineation conducted by 
FEMA or the District.

Objective EH1.2
Identify potential flood hazards associated 
with existing man-made structures within 
the planning area.  Possible examples of 
man-made structures include, but are not 
limited to, stock tanks, drainage crossings 
at roadways and canals, levees, bridges, 
and retention basins.

Policy EH1.2.1
Evaluate the structural integrity and 
possible failure of existing earthen 
dams along watercourses.  (Earthen 
dams have been identified in the Big 
Spring, East Terrace, and Twin Buttes 
planning areas.)

Policy EH1.2.2
Evaluate ponding limits upstream of a 
watercourse crossing of roadways and 
canals.
22



Objective EH1.3
Identify erosion hazard zones associated 
with watercourses.

Policy EH1.3.1
Require all new development to use 
the erosion hazard zone identified by 
the District in their planning and 
design efforts. 

Policy EH1.3.2
Require all new development to delin-
eate erosion hazard zones for areas not 
covered by delineation’s conducted by 
the District.

Objective EH1.4
Identify stream reaches that have experi-
enced historical and/or recent long-term 
degradation or aggradation.

Policy EH1.4.1
Require all new development to take 
into account the effect of aggradation 
and degradation on drainage facilities 
(such as retention/detention, off-line/
in-line facilities).  Drainage facilities 
constructed in the watercourse shall 
strive to maintain the watercourse sed-
iment continuity.

Development/Planning Considerations

The following Development/Planning Goal, 
Objectives, and Policies provide guidance to 
minimize potential impacts to a watershed 
due to development.

Goal DP1 - Establish area-specific Design and 
Planning Standards to promote development that 
acknowledges environmental hazards associated 
with stormwater runoff, preserves the natural 
integrity and function of watercourses within a 
watershed and minimizes the potential to increase 
the magnitude of the hazards due to urbanization.

Objective DP1.1
Discourage development in 100-year 
floodplain and associated erosion hazard 
setbacks.

Policy DP1.1.1
Encourage non-structural flood con-
trol techniques over typical structural 
flood control techniques. 

Policy DP1.1.2
Where structural control measures are 
deemed necessary, encourage the use 
of low impact structural flood control 
techniques.  Low impact structural 
measures shall not adversely affect the 
stability of a watercourse or adversely 
alter flooding and erosion conditions 
on adjacent property.  Low impact 
structural alternatives shall comple-
ment the visual integrity of the area.

Policy DP1.1.3
Development in, or modification of, 
the floodplain is discouraged.  Should 
there be a need to modify the flood-
plain, the modifications shall result in 
minimum disruption of the natural 
sediment transport capacity of the 
channel and floodplain.

Objective DP1.2
Encourage design and planning efforts 
that mitigate potential disruptions to the 
predevelopment function of a watershed 
due to development.

Policy DP1.2.1
Discourage changes to natural drain-
age patterns in rural and low-density 
residential land use areas.

Policy DP1.2.2
In areas where the non-structural alter-
native is applied, preserve vegetation 
on and adjacent to the channel banks, 
and in the floodplain in order to main-
tain the stability of existing channel 
banks and minimize the potential for 
lateral channel movement.

Policy DP1.2.3
Design roadway alignments in such a 
manner that runoff collected by the 
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roadway is conveyed to its historic 
watercourse.

Policy DP1.2.4
Design roadway watercourse cross-
ings such that the alignment of the 
roadway is perpendicular to the 
watercourse alignment and at loca-
tions where the floodplain and erosion 
hazard limits are narrow.

Policy DP1.2.5
Discourage roadway crossing of 
watercourses at locations where the 
watercourse is braided. 

Policy DP1.2.6
Provide access roads to culvert or 
bridge roadway crossing of water-
courses to facilitate access by mainte-
nance vehicles.

Policy DP1.2.7
Culvert/bridge crossings shall mini-
mize disruption to the natural channel 
form and function.

Policy DP1.2.8
Design culvert crossings to account for 
potential clogging due to the accumu-
lation of sediment and debris.

Policy DP1.2.9
Design drainage crossings to minimize 
downstream scour, minimize the risk 
of erosion of roadway approaches, and 
maintain sediment continuity up to 
the bank full discharge.

Policy DP1.2.10
At-grade roadway crossings of water-
courses should only be considered for 
watercourses that are characterized by 
shallow flow conditions.  At-grade 
roadway crossings in rural and low-
density residential land use areas are 
acceptable (specific design criteria 
such as allowable depth of flow over 
the roadway will need to be met) with 
agency approval. 

Policy DP1.2.11
The standard practice for retaining the 
volume of runoff from the 100-year, 2-
hour storm event should be employed 
unless it is demonstrated not to be 
practicable.  The standard retention 
practice is encouraged for commercial, 
business park/industrial and high-
density residential land use areas.  An 
acceptable alternative to the standard 
practice is a facility that reduces post-
development peak discharges to pre-
development magnitudes.

Policy DP1.2.12
Encourage the use of in-stream, in-line 
detention or in-stream, off-line reten-
tion where it can be demonstrated 
through engineering analyses that 
infiltration rates, and/or topography 
does not merit incorporating stormwa-
ter retention facilities, and where 
reducing post-development peak dis-
charges and runoff volumes to pre-
development conditions can be 
achieved.  These stormwater storage 
facilities inherently to not have water 
quality benefits for managing pollut-
ants in stormwater.  Stormwater qual-
ity best management practices will 
need to be employed in the watershed 
within or upstream of the receiving 
facility.  Typically, the first flush from a 
runoff event will need to be retained 
and treated.

Policy DP1.2.13
Prohibit use of irrigation canals as an 
outfall for stormwater runoff.

Environment

The project area for North Peoria ADMP 
offers a unique biological resource, aesthetic 
character, and is rich in natural and cultural 
resources.  The plan offers guidelines for 
future development in a comprehensive man-
ner that strives to identify and integrate envi-
ronmental features such as the existing 
biology, visual resources, watersheds and 
drainage patterns and cultural resources for 
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the purpose of watershed and watercourse 
management.

Biological Resources

Goal BR1 - Preserve sensitive habitats within the 
North Peoria ADMP Peoria project area.

Objective BR1.1
The reach of perennial flow for Morgan 
City Wash and Agua Fria River and the 
adjacent riparian habitats should be pro-
tected from future development in order 
to maintain the ecological integrity and 
intact condition of these habitats.

Policy BR1.1.1
Encourage that developers contact the 
Arizona Game and Fish Department 
for specific development design con-
siderations for areas adjacent to the 
perennial flow reach for Morgan City 
Wash and the Agua Fria River located 
in the Morgan City Area.

Objective BR1.2
Riparian vegetation habitats should be 
preserved along major washes in the Mor-
gan City, Big Spring, East Terrace, and 
Twin Buttes areas to enhance bank stabil-
ity, to decrease lateral erosion, and to 
maintain the existing sediment balance of 
streams.

Policy BR1.2.1
Recommend that vegetation and an 
adjacent buffer zone be preserved 
along major washes. 

Other applicable policies and guidelines for 
preservation of sensitive habitats, buffer areas 
adjacent to riparianriparian corridors, preser-
vation of significant stands of representative 
plant communities and revegetation of dis-
turbed areas are presented in the Comprehen-
sive Plan-Maricopa County Eye to the Future 
2020 (1997), and the ESDA (June 2000) for 
areas within Maricopa County.  For areas 
within the City of Peoria, applicable policies 
and guidelines are presented in the City of 
Peoria’s General Plan (June 2001), Peoria 

Desert Lands Conservation Master Plan 
(August 1999), and the Lake Pleasant/North 
Peoria Area Plan (November 1999).

Visual Character

Goal VC1 - Maintain the existing visual character 
(natural, historic) of the region.

Objective VC1.1
Minimize the visual impact of stormwater 
storage facilities.  

Policy VC1.4.1
Encourage that stormwater storage 
facilities be designed to appear in con-
formance with the natural contours 
and alignment of the terrain. 

Objective VC1.2
Encourage maintenance of the natural 
wash side-slope texture and color in areas 
of disturbance.

Policy VC1.2.1
Where constructed, flood control facil-
ities and side-slope stabilization mea-
sures should match the adjacent 
terrain in color and texture.

Objective VC1.3
Minimize the number of wash crossings in 
order to prevent disrupting views up or 
down the wash.  Minimize impacts to 
plant and animal habitats, and avoid dis-
turbing the existing sediment balance, 
decrease the need for public maintenance 
and minimize scour and deposition.

Policy VC1.3.1
Where utility, trails, or roadway cross-
ings are necessary, cross perpendicular 
to wash, at the narrowest point and/or 
at the point of least vegetation distur-
bance.

Policy VC1.3.2
Replant disturbed areas using existing 
native plant species types and densi-
ties that are consistent with existing 
conditions. 
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Other applicable policies and guidelines for 
preservation of landform visual resources are 
presented in the Comprehensive Plan-Mari-
copa County Eye to the Future 2020 (1997), 
Maricopa County’s Zoning Ordinance (Hill-
side Development Standards (August 1993)) 
and the ESDA (June 2000) for areas within 
Maricopa County. For areas within the City of 
Peoria, applicable policies and guidelines are 
presented in the City of Peoria’s General Plan 
(June 2001), Peoria Desert Lands Conservation 
Master Plan (August 1999), Lake Pleasant/
North Peoria Area Plan (November 1999), 
Zoning Ordinance (September 1995 (Hillside 
Development Overlay District)).

Cultural Resources 

Our cultural resources inform us of prehistoric 
and historic cultures and cultural change 
through time.  Both Maricopa County and the 
City of Peoria recognize the importance of cul-
tural resources and have adopted conserva-
tion and preservation policies that strive to 
protect our cultural resources.  Applicable pol-
icies and guidelines for the identification, pro-
tection and conservation of cultural resources 
are presented in the City of Peoria’s General 
Plan (June 2001), Comprehensive Plan-Mari-
copa County Eye to the Future 2020 (1997), 
and Maricopa County’s Desert Spaces Plan 
(1995).

Multiple-Use Opportunities

As an element of the North Peoria ADMP, an 
assessment of opportunities and limitations 
for integrating multiple-use recreational fea-
tures into preferred flood control management 
alternatives was conducted. 

Opportunities identified are primarily located 
along Morgan City Wash in the Morgan City 
Area, Unnamed Washes 1, 2, and 3 in the Big 
Spring Area, and Caterpillar Wash and Twin 
Buttes Wash in the Twin Buttes Area.  The 
location of multiple–use recreational facilities 
(identified as part of this study) along these 
wash corridors are primarily limited to the 
100-year floodplain and/or erosion hazard 
zone and possible detention/retention facili-

ties, located within a wash, that may be con-
structed by developers.  Multiple-use 
opportunities constraints are the physical 
dimensions of the 100-year floodplain and 
erosion hazard zone and steep terrain.  Wash 
corridors in the Morgan City Wash Area, Big 
Spring Area, and the Twin Buttes Area above 
the CAP canal are typified by incised chan-
nels, steep banks, narrow floodway limits that 
are coincidental with floodplain limits (mini-
mum development potential with floodplain) 
and erosion hazard zones that are not signifi-
cantly different than the 100-year floodplain 
limits.  Twin Buttes below the CAP Canal is 
characterized by a wider floodplain and ero-
sion hazard zone than the reach above the 
CAP.  Given the 100-year floodplain and ero-
sion hazard zone dimensions and steep ter-
rain constraints multiple-use opportunities 
associated with flood control management 
alternatives are primarily limited to trails and 
open space located within a wash corridor 
(the wider the floodplain/erosion hazard 
zone the greater the opportunity).  Multiple-
Use opportunities could be enhanced by plan-
ning recreational facilities located outside of 
the wash corridor that connect to potential 
trail systems/open space areas within and 
adjacent to a watercourse.

Planning efforts for multiple-use recreational 
facilities in the North Peoria ADMP shall 
include where merited the incorporation of 
guidelines and standards developed for the 
City of Peoria and Maricopa County in vari-
ous planning documents that include, the City 
of Peoria’s Trails Master Plan (January 1999) 
and River Master Plan (January 1999), the 
Flood Control Districts Agua Fria Watercourse 
Master Plan (2001), Maricopa County’s, High-
way 74 Scenic Corridor Overlay Zoning Ordi-
nance XXII-F-1, (August 1993) and, Maricopa 
County’s Parks and Recreation Department, 
Proposed Maricopa County Regional Trail 
System (on going).

The following general goals are offered as 
opportunities to meet local community needs 
for recreation and open space.  Specific objec-
tives and policies are not developed as part of 
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the North Peoria ADMP.  Users of the North 
Peoria ADMP should consult with the appro-
priate jurisdiction concerning specific plan-
ning elements, design criteria, and standards 
for multiple-use recreational needs.  Discus-
sion concerning opportunities and constraints 
for multiple-use recreation, identified as part 
of the North Peoria ADMP, is located in North 
Peoria ADMP, Technical Data Notebook, 
Attachment 5, Multi-Use Opportunities 
Assessment Report.

Goal RR1 - Promote continuous trails and vistas of 
scenic areas along accessible washes.

Goal RR2 - Promote connectivity between possible 
wash corridor trail systems and to development, 
area destinations, and other shared-use recre-
ational facilities.

Goal RR3 - Protect the integrity of washes while 
providing opportunities for recreation and the 
enjoyment of the natural environment and scenic 
areas.

DESIGN GUIDELINES

The following design/planning guidelines are 
presented to aid designers and planners in 
their efforts.  The guidelines are in part from 
and in addition to guidelines and criteria pre-
sented in Maricopa County Drainage Design 
Manual Volume II-Hydraulics, State Stan-
dards developed by the Arizona Department 
of Water Resources and the City of Peoria 
Infrastructure Development Guidelines.

Flood Hazards

According to ARS 48-3609A and under the 
authority outlined in ARS 48-3605A flood-
plain delineations shall be conducted on all 
watercourses with drainage areas more than 
¼ of a square mile or having a 100-year esti-
mated flow rate of more than 500 cfs.  Flood-
plain delineations shall be conducted in 
conformance with State Standard 2-96 guide-
lines, guidelines presented in Maricopa 
County Drainage Design Manual Volume II-
Hydraulics and guidelines presented in the 
City of Peoria Infrastructure Development 
Guidelines.

Erosion Hazards

In addition to establishing 100-year floodplain 
limits, erosion hazard zone delineations shall 
be conducted on all watercourses with drain-
age areas more than ¼ of a square mile or have 
a 100-year estimated flow rate of more than 
500 cfs.  Erosion hazard delineation shall be 
conducted at a minimum in conformance with 
State Standard for Watercourse System Sedi-
mentation Balance (State Standard 5-96) 
guidelines.  Depending on the level of detail 
needed, State Standard 5-96 presents three lev-
els of evaluation.  Level I evaluation assumes 
that the results of the evaluation will be more 
conservative than results from a Level II or III 
evaluation.  This assumption may be generally 
true, but may not be valid in areas of potential 
channel avulsion or lateral migration.  Level II 
and Level III evaluations are technically more 
rigorous and the results may or may not indi-
cate reduced erosion hazard zones relative to 
the results of a Level I evaluation.  Caution 
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should be used in interpreting and applying 
the results of a Level I evaluation.  Water-
courses characterized with wide geologic 
floodplains, multiple or braided channels, 
highly erosive banks, poorly vegetated banks, 
and potential for channel avulsions should be 
evaluated at a higher level than Level I.

Areas located within the recommended ero-
sion hazard zones developed as part of the 
North Peoria ADMP may be subject to 
increased risks to public safety that warrant 
specific development restrictions.  Given the 
level of detail used to develop the recom-
mended erosion hazard zones the developer/
landowner is given the option of completing a 
more detailed erosion hazard zone evaluation.  
A typical scope of work for such an analysis is 
listed below:

Typical Scope of Work for Detailed Erosion 
Hazard Analysis 

Channel stability, or the potential for lateral 
migration, will be evaluated using the follow-
ing types of analyses:

• Interpretation of Geologic Surfaces

• Historical Analyses

• Field Analyses

• Geomorphic Analyses

• Hydraulic and Empirical Analyses

• Sediment Transport Modeling

• Sediment Yield Analysis

• Sediment Gradation Analysis

Specific tasks likely to be conducted with each 
of these analyses are outlined below. 

Technical Analysis Work Plan

Task 1 – Hydraulics Analysis

Hydraulic Data – HEC-RAS Models.  Hydraulic 
data will be obtained from modeling prepared 
for the effective FEMA Flood Insurance Stud-
ies or new modeling prepared for this study.  
Specific tasks include the following: 

• Convert HEC-2 to HEC-RAS Format.  In 
addition to simple translation of the file 
format from line-based HEC-2 input to 
window-based HEC-RAS input, the input 
files will be screened for consistent chan-
nel bank stationing, extraneous GR points, 
and ineffective flow areas.

• Plot Cross Sections. Cross section plots 
showing existing condition 2-, 10-, and 
100-year water surface elevations will be 
prepared.  If the future conditions flow 
rates change significantly from existing 
condition flow rates, then water surface 
elevations and channel geometry will also 
be plotted for future conditions. Ineffec-
tive flow areas in cross sections will also 
be documented.

• Prepare Plots of Hydraulic Data from HEC-
RAS.  Plots of top width, hydraulic depth, 
flow cross section area, maximum flow 
depth, mean channel velocity, and other 
data, as needed, will be prepared.  At min-
imum, data from the 100-year event will 
be plotted.  Additional plots for the 10-
year event may be made to estimate condi-
tions for the dominant discharge.

• Define Channel Subreaches. Plots of HEC-
RAS data will be used to define character-
istic hydraulic reaches based on uniform 
flow sections, erosion prone sections (nar-
row width, high velocity), choke sections 
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(short, constricted reaches), backwater sec-
tions upstream of choke sections, longitu-
dinal profile, and potential grade controls.  
To eliminate potential data scatter 
between cross sections that may mask 
trends, running averages of hydraulic data 
will also be examined to help define 
reaches. Reach definition will be coordi-
nated with results of geomorphic analyses 
described below.  

Sediment Gradations.  Sediment data for the 
channel bed and banks will be collected for 
use in hydraulic and geomorphic analyses.  
Specific tasks include the following:

• Sediment Sampling.  Samples of bed sedi-
ments from representative locations at 
approximately one-mile increments 
throughout the study reach will be 
obtained for sieve analysis.  In addition, 
surficial sediment size data will be esti-
mated using pebble counts. Bank sedi-
ment data will be collected from detailed 
descriptions and photographic records.  
These supplemental bed and bank sedi-
ment data will be collected at cross sec-
tions spaced approximately 1,000 feet 
apart throughout the study reach.  All 
sampling locations will be noted on a 
detailed exhibit.  

• Sediment Analysis.  Sediment gradations 
showing D90, D84.1, D50, D15.9, and D10 
will be prepared for each sediment sam-
ple.  Sediment gradations will be reviewed 
to verify that reach definitions are sup-
ported, and to quantify reach-averaged 
sediment gradation data.  Bed, bank, and 
overbank sediment characteristics will be 
compared and quantified.  Armored 
reaches will be identified. Size gradation 
for HEC-6 model input will be quantified 
for each subreach. Ranges of size grada-
tion will be defined so that various scenar-
ios of sediment transport analyses can be 
constructed to identify zones of potential 
aggradation or degradation, for use in 
sensitivity analyses of HEC-6 modeling.

Sediment Yield.  Sediment supply to the study 
reach will be evaluated to quantify sediment 
sources outside the study limits.  Specific tasks 
include the following:

• Regional Sediment Yield Estimates.  Sedi-
ment yield information will be compiled 
and analyzed from published reports, 
regional data, and site specific analysis. 
Regionalized estimates of sediment yield 
will be made for the 2-, 10-, and 100-year 
events.  Rough estimates of sediment yield 
will made using pre- and post-develop-
ment conditions.

• HEC-6 Modeling.  Sediment yield estimates 
will be used as HEC-6 inflow boundary 
conditions, and will also be used to assess 
long-term impacts due to sediment accu-
mulations in ponding areas or other back-
water areas.  

HEC-6 Modeling.  HEC-6 models of existing 
and future (alternative) conditions will be pre-
pared to estimate trends in scour and deposi-
tion in the study reach.  The primary goal of 
the HEC-6 modeling is single event simulation 
of general sedimentation trends of aggrada-
tion or degradation, as reflected in a net sedi-
ment deficit or surplus.  The HEC-6 model 
will be used to assess sediment transport and 
related channel stability for the 10-year, domi-
nant channel forming discharge, 100-year 
flood discharge, and possibly an extreme cata-
strophic discharge event.  Specific tasks 
include the following:

• Base Condition Modeling.  HEC-6 models 
for existing conditions will be prepared, 
defined as the conditions indicated by the 
District’s topographic mapping. 

• Alternatives Modeling.  Base condition 
HEC-6 models will be modified, as appro-
priate, as alternatives are evaluated and as 
floodplain encroachment alternatives are 
considered.

Model development will be based on hydrau-
lic geometry, with appropriate adjustments, 
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from the HEC-RAS models, sediment yield 
estimates, and size gradations as previously 
discussed, and on the in-flow hydrographs.  
Initial model development and verification 
will be prepared for a test reach.  Upon satis-
factory verification of the proposed modeling 
technique, HEC-6 models will be developed in 
a similar manner for the other study reaches.

Task 2 – Lateral Stability Assessment

Interpretation of Geologic Surfaces.  Geologic 
data will be used to identify and map recent 
geomorphic surfaces near the stream.  The age 
and position of these surfaces will be used to 
constrain the rate of lateral and vertical move-
ment over recent geologic time.  Specific tasks 
include the following:

• Interpret aerial photographs.

• Select soil test pit locations.

• Describe soil profiles in soil test pits.

• Describe surficial soil characteristics.

• Inspect surfaces in field.

• Prepare geomorphic mapping.

Historical Analyses.  Historical data will be 
used to identify historical patterns of channel  
behavior, historical impacts on the stream by 
humans, and past rates of lateral and vertical 
channel change.  Historical data will be used 
to set the context for interpretation of existing 
conditions and prediction of future channel 
response.  Specific tasks include the following:

• Collect historical maps and topography.

• Collect historical aerial and ground photo-
graphs.

• Digitize historical channel position.

• Determine rates and types of channel 
change from digitized channel plots.

• Measure historical channel characteristics 
(width, sinuosity, etc.).

• Plot and compare historical longitudinal 
profiles.

• Catalogue types of human impacts, plot 
locations.

• Prepare time line of watershed and chan-
nel changes.

Field Analyses.  Field data will be collected to 
identify areas of channel instability, quantify 
channel and bank characteristics, and docu-
ment existing channel conditions.  Specific 
tasks include the following:

• Select index cross section spacing and 
locations.

• Measure channel characteristics at index 
cross sections.

• Measure bank characteristics at index 
cross sections.

• Document existing conditions with photo-
graphs and notes.

• Perform boulder counts for channel bed 
sediments.

• Describe soil pits excavated in the channel 
bottom.

• Collect sediment samples from the chan-
nel bottom for sieve analysis.

Geomorphic Analysis. A geomorphic descrip-
tion of the stream characteristics will be pre-
pared to identify appropriate types of 
hydraulic and empirical analyses, identify 
existing channel processes, and to predict 
trends in future channel behavior.  Specific 
tasks include the following:

• Describe regional geologic history.
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• Collect hydrologic data - peak discharge 
rates, flow duration curve, mean and 
monthly flow rates, annual flood series, 
flood history, climatic data, etc.

• Measure channel planform characteristics 
– channel pattern, meander features, pool 
and riffle spacing, width, slope, periodic-
ity of narrow and wide reaches.

• Identify evidence of paleofloods.

• Identify stream analogs on adjacent water-
sheds.

• Evaluate tributary characteristics – drain-
age area, slope, sediment type, sediment 
yield, flow rates, location of confluence.

• Assess impacts of tributaries and tributary 
sediment load on main channel morphol-
ogy.

• Apply applicable methodologies from the 
District Piedmont Flood Hazard Assessment 
Manual (Draft, August 1998) to identify 
surface ages and stability.

• Perform stream classification.

• Define stream reaches.

Hydraulic and Empirical Analyses. Engineering 
analyses based on hydraulic data obtained 
from a HEC-RAS model of the study reach 
will be performed to assess the potential for 
bank erosion and scour.  These analyses will 
be used to determine whether a stream is sta-
ble, whether it is likely to experience bank ero-
sion and/or scour, and what amount of lateral 
erosion is likely to occur.  Where hydraulic 
data are required, the computations will be 
based on 2-, 10-, and 100-year reach-averaged 
hydraulic data.  Specific tasks include the fol-
lowing:

• Revision of HEC-RAS model as described 
above.

• Define stream reaches using hydraulic 
data and physical stream characteristics.

• Determine reach-averaged hydraulic data.

• Compute allowable velocity.

• Compute scour depths (general, local, and 
long-term).

• Compute armoring potential & depth to 
armor.

• Compute equilibrium slope.

• Compute reach sediment continuity rela-
tionships.

• Apply lane relation to stream reaches.

• Apply regime equations to stream reaches.

• Apply hydraulic geometry relationships to 
stream reaches.

• Apply empirical channel geometry rela-
tionships to stream reaches.

• Apply appropriate regional lateral stabil-
ity prediction methodologies – these may 
include the AMAFCA Prudent Line, 
ADWR State Standard 5-96, King County 
(WA) methodology, Rosgen bank assess-
ment techniques, etc.

Impacts Analysis.  The proposed development 
will be modeled to assess the potential down-
stream and upstream impacts, using the same 
procedures and methodologies listed above.

Final Product

The final product for these tasks will include a 
map showing the recommended erosion haz-
ard zone boundaries and a final report.  The 
final report will include the following:

• Discussion of assumptions and limita-
tions of methodologies.
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• Discussion of how the results of the vari-
ous analyses were combined with the sed-
iment transport modeling results, sand 
and gravel mining impact assessment 
analysis, and were translated into the ero-
sion hazard zone(s).

• Recommendation for future updates of 
hazard zone boundaries.

• Recommendation for long-term monitor-
ing.

• Recommendations for how to modify the 
erosion hazard boundaries and/or under 
what conditions development can occur 
within the boundaries.

Earthen Dams (Stock Tanks)

There are a number of stock tanks in the North 
Peoria ADMP study area.  Stock tanks typi-
cally consist of a non-engineered earthen dam 
of varying height placed across a watercourse 
to impound stormwater runoff.  Vegetation 
typically lines the impoundment area.  Should 
downstream areas become urbanized these 
earthen dams would present a hazard.  The 
ADWR Dam Safety Section, has legal jurisdic-
tion over dams (embankments) which exceed 
certain height and storage limits.  ADWR 
defines a jurisdictional dam as “either 25 feet 
or more in height or stores more than 50 acre-
feet.  If it is less than six feet in height regard-
less of the storage capacity or does not store 
more than 15-acre-feet regardless of height, it 
is not jurisdictional”.  However even though a 
structure may not be considered jurisdictional 
all dams (embankments) in an urban environ-
ment are considered as having high hazard 
potential.

The structural integrity and safety of existing 
stock tanks shall be evaluated to access down-
stream impacts to existing or proposed devel-
opment due to a dam break.  Criteria for the 
design and evaluation of dams can be found 
in the book entitled “Design of Small Dams”, 
third edition (1987, Bureau of Reclamation).  A 
professional engineer registered under the 
laws of Arizona, and having proficiency in 

civil engineering as related to dam technol-
ogy, shall conduct evaluation and/or design 
of an earthen structure. 

Retention/Detention Facilities

All detention/retention facilities incorporated 
within new developments will be designed to 
retain the peak flow and volume of runoff 
from the 100-year, 2-hour duration storm 
event.  In the special case when a detention 
only facility is allowed, the requirement to 
retain the 100-year 2-hour runoff volume may 
be waived; however, the post-development 
peak discharge leaving the site can not exceed 
predevelopment conditions.  In addition to the 
100-year event, the effects of more frequent 
events (2- and 10- year events) of using a 
detention only facility must be determined.

Standard Retention Practice

Guidelines for the standard practice of retain-
ing the volume of runoff from the 100-year, 2-
hour event can be found in “Drainage Regula-
tions for Maricopa County, Maricopa County 
Drainage Design Manual Volume II-Hydrau-
lics and City of Peoria Infrastructure Develop-
ment Guidelines.

In-stream, In-Line Detention Basins

In-stream, in-line detention basins are storm-
water peak reduction facilities, which could be 
employed with authorization, from the 
reviewing agency, instead of the standard 
practices of retaining the volume of runoff 
from the 100-year, 2-hour event.  The deten-
tion facility is typically located in a water-
course and functions only to reduce post 
development peak discharges.  The facility 
typically consists of an encroachment into the 
100-year floodplain (possibly at a roadway 
crossing), an outlet structure sized to convey 
runoff from frequent events such that the nat-
ural form and function of the watercourse is 
not disturbed (sediment transport capabilities 
are maintained), and to impound runoff suffi-
ciently, so that there enough storage provided 
to reduce peak discharges.  The following 
guidelines/consideration should be 
addressed in the design of such a facility:
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• Basin Outlet (Culvert).  The basin outlet 
structure should be sized to convey the 
100-year existing (pre-development) con-
dition peak discharge without disrupting 
the sediment transport capabilities of the 
channel for the 2-year and 10-year events.  
If the basin is to be located at a roadway 
crossing (collector and arterial roadways), 
then at a minimum, the 100-year future 
(post-development) condition water sur-
face elevation must not be more than 0.5 
feet above the minimum roadway eleva-
tion and flow from the 50-year future con-
dition event must not overflow the 
roadway.  Other design guidelines for cul-
verts such as sediment deposition, scour 
holes and long-term degradation must 
also be considered and these guidelines 
are presented in subsequent sections.

• Basin Volume.  The storage volume that is 
required to satisfy the discharge require-
ments stated above must consider the 
potential loss of storage due to sediment 
deposition.  Sediment deposition could 
potentially impact the hydraulic operation 
of the basin ultimately effecting the maxi-
mum water surface elevation.  The storage 
volume must also be checked in conjunc-
tion with the embankment height in 
regard to the jurisdictional classification.  
Structures that meet jurisdictional dam 
classification requirements must be 
designed in conformance with ADWR 
requirements, and the design must be 
approved by ADWR.  Jurisdictional classi-
fication is discussed previously in the 
earthen dam guideline section.

• Drain Time.  The basin must be drained 
within 36 hours after the end of the design 
storm.

• Downstream Impacts.  Hydrologic model-
ing shall be done to determine if the 
detainment of runoff or the increased run-
off due to development worsens existing 
conditions.  Modeling of multiple storm 
frequencies (at a minimum 2-, 10-, and 
100-year events) may be required. 

In-stream, in-line detention basins should not 
be considered for areas that are characterized 
by wide flood plains, significant conveyance 
in the overbank area or multiple channels.

The opportunity to enhance stormwater qual-
ity is minimal for an in-stream, in-line deten-
tion basin and is not recommended for 
watersheds in which the land use is high den-
sity or because of the land use, the percent of 
impervious cover is greatly increased unless, 
stormwater quality concerns have been 
addressed within the watershed draining to 
the site. 

In-stream, Off-line Retention Basin

In-stream, off-line retention basins are storm-
water storage basins that could be employed, 
with authorization from the reviewing agency, 
instead of the standard retention practice.  In-
stream, off-line retention basins function to 
reduce post development peak discharge and 
volume to pre-development values.  Major 
elements of the facility are channelization and 
grade control structures to control the hydrau-
lics of the flow; inlet works (typically a weir) 
to direct flow to the basin, low level outlet to 
drain the basin and a basin of sufficient vol-
ume to reduce peak discharges. The following 
guidelines/consideration should be 
addressed in the design of such a facility:

• Modeling Software. The current recom-
mended modeling software is the Corps of 
Engineers HEC-RAS v3.0 using the 
unsteady flow module.

• Flow Regime. The flow regime in the water-
course at the lateral weir structure should 
be subcritical.  This may require the chan-
nelization and/or construction of grade 
control structures.  Design guidelines for 
channelization must also be considered 
and those guidelines are presented in fol-
lowing sections.

• Grade Control Structures.  Grade control 
structures or drop structures may be 
required to control flow in the natural 
channel to subcritical flow conditions.  
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The armored length of the structure 
should be sufficient to eliminate develop-
ment of a scour hole downstream of the 
structure.

• Lateral Weir.  The lateral weir must be 
sized such that the remaining peak flow 
and total runoff volume is equivalent to 
existing conditions for the design storm.  
The weir crest elevation must be suffi-
ciently high enough to eliminate potential 
backwater conditions caused by the pon-
ded water in the basin that would reduce 
the efficiency of the weir.  The potential for 
scour at the downstream toe of the weir 
must be addressed.  Sediment deposition 
within the channel at the toe of the weir 
could significantly alter the hydraulic 
operation of the weir and thus the basin.  
Sediment deposition at the toe of the weir 
must be regularly removed.

• Drain Time.  The basin must be drained 
within 36 hours after the end of the design 
storm.  To accomplish this, it may be nec-
essary to provide a small bleed-off culvert.  
For this situation, the minimum practical 
culvert size should be used.  Design 
guidelines for culverts must also be con-
sidered and those guidelines are presented 
in subsequent sections.

• Basin Volume.  The storage volume that is 
required must consider the potential loss 
of storage due to sediment deposition.  
Sediment deposition could potentially 
impact the hydraulic operation of the 
basin ultimately effecting the maximum 
water surface elevation.  The storage vol-
ume must also be checked in conjunction 
with the embankment height in regard to 
the jurisdictional classification.  Structures 
that meet jurisdictional dam classification 
requirements must be designed in con-
formance with ADWR requirements, and 
the design must be approved by ADWR.  
Jurisdictional classification is discussed 
previously in the earthen dam guideline 
section.

• Downstream Impacts.  Hydrologic model-
ing shall be done to determine if the 
detainment of runoff or the increased run-
off due to development worsens existing 
conditions.  Modeling of multiple storm 
frequencies may be required. 

• An in-stream, off-line retention basin reduces 
peak discharge in a watercourse by cap-
turing flow near the peak of the 
hydrograph and therefore offers minimal 
opportunities for enhancement of storm-
water quality.  Stormwater quality 
enhancement deals with managing flow at 
the beginning of the ascending limb of a 
hydrograph.  Stormwater quality concerns 
and best management practices shall be 
addressed/employed upstream of the 
facility. 

Floodplain Encroachment

For most reaches of the major watercourses in 
the North Peoria ADMP study area, the flood-
plain and floodway are coincident due to the 
channel and floodplain geometry in the deep, 
narrow canyons, and the floodway modeling 
techniques used for the floodplain delineation 
studies.  Therefore, in reaches where the 
floodway and floodplain are coincident, it is 
unlikely that any floodplain encroachment 
will occur. The majority of the wider floodway 
fringe areas in the study area occur on Cater-
pillar Tank Wash, Twin Buttes Wash, and the 
Twin Buttes Wash tributaries.

Where floodway fringe areas exist in the 
North Peoria ADMP study area, floodplain 
encroachment should be avoided except 
where it meets the low-impact criteria defined 
below.  Encroachment that exceeds the low-
impact criteria should be allowed only where 
it can be demonstrated that no long-term or 
short-term off-site impacts to channel stability 
occur, the encroachment is adequately pro-
tected from erosion and flooding, and a long-
term maintenance and inspection program is 
adopted.
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Low Impact Structural Alternative

For the purposes of the North Peoria ADMP, a 
“low-impact” development alternative is 
defined as any activity within the floodway 
fringe or erosion hazard zone that does not 
significantly alter the natural form and func-
tion of the watercourse.  The following stan-
dards are proposed to quantify the definition 
of “low impact”:

• Minimal velocity increases.  

• The average 10-year velocity in the 
channel or overbank should not change 
(± 0.0 fps). 

• The average 100-year velocity in the 
channel or overbank should not change 
(increase or decrease) by more than 10 
percent or one-foot per second (fps), 
whichever is less.

• Minimal water surface elevation increase.  

• The 10-year water surface elevation 
should not change (± 0.0 ft.).

• The 100-year water surface elevation 
should not increase or decrease by more 
than 0.1-foot.

• Minimal disturbance of the main channel.  

• No decrease in the bankfull width of the 
main channel.

• No excavation or deepening of the stre-
ambed in the main channel.

• No removal of bank vegetation.  Where 
bank vegetation is temporarily dis-
turbed by construction, it should be 
replaced, monitored for health, and irri-
gated if required to assure its survival. 

• No relocation of the low-flow channel 
within the floodplain.

• No offsite impacts.

• No erosion, sedimentation, or flood 
impacts to adjacent properties without 
written permission of affected property 
owners.  

• Engineering and geomorphic analysis 
required to demonstrate no long-term, 
short-term, or 100-year off-site impacts.

• Preservation of natural landscape charac-
ter and habitat within the floodplain.

Alternatives that exceed the standards listed 
above are not considered low-impact alterna-
tives.  Such alternatives may be acceptable 
methods of mitigating flood and erosion haz-
ards, if properly engineered.

Examples of and design guidelines for a low-
impact structural alternative are provided in 
the North Peoria ADMP, Technical Data Note-
book, Attachment 3, Sedimentation Engineer-
ing and Geomorphic Evaluation Technical 
Memorandums, Chapter 5.

Channelization

Channelization is defined as construction of 
an engineered channel with bank protection 
and grade control structures.  Channelization 
is generally known to have the following 
impacts on channel stability:

• Velocity.  Channelization generally 
increases channel velocities.  Velocity is 
exponentially related to sediment trans-
port rate and erosion potential. 

• Depth.  Channelization can increase the 
flow depth by eliminating the floodplain 
area available for conveyance.  Increased 
depths result in greater scour depths and 
higher velocities.

• Discharge. Channelization eliminates the 
area available for storage of floodwaters 
on the floodplain, resulting in decreased 
attenuation and increased peak discharges 
downstream.  Increased peak discharges 
are directly related to increased sediment 
transport rates and erosion.
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• Design Standard.  Engineered flood control 
channels are typically designed to a 100-
year standard.  Therefore, damage may 
occur to development adjacent to a 100-
year channel (or to the channelization 
itself) if flow rates greater than the 100-
year event occur.  If design discharges 
change due to watershed changes or revi-
sions to hydrologic modeling standards, 
retrofit solutions are required to maintain 
the same standard of protection.

• Design Life.  Engineered structures have a 
limited design life, and require regular 
maintenance and inspection, and even-
tual replacement.

• Equilibrium Slope.  Because of the increase 
in discharge, velocity, and depth, the sta-
ble slope is generally flatter than the exist-
ing channel slope, which will cause long-
term scour and require grade control to 
prevent undercutting of bank protection.

• Habitat. Channelization typically elimi-
nates most of the natural floodplain and 
stream bank habitat, and requires mitiga-
tion measures.

• Sediment Supply.  Bank erosion is an 
important source of sediment supply for 
the streams in the study area.  Construc-
tion of bank protection eliminates this 
source of sediment, increasing the likeli-
hood of erosion of adjacent and down-
stream reaches.

• Downstream Impacts.  Excessive instability 
should be expected at the outlet of a chan-
nelized reach due to the changes in veloc-
ity, sediment supply, and discharge.  
Depending on the channel geometry, the 
expected response can range from lateral 
erosion and scour to sediment deposition 
and overbank flooding.

Channelization, a structural flood control 
measure, is not recommended as a develop-
ment alternative in the North Peoria ADMP 
study area.  Channelization should be allowed 

only where it can be demonstrated that no 
long-term or short-term off-site impacts to 
channel stability occur, that downstream 
reaches are adequately protected from erosion 
and flooding, and a long-term maintenance 
and inspection program is adopted.  Where 
structural flood control measures are neces-
sary, the design and installation of such struc-
tures should compliment the environment 
and be accomplished with the least distur-
bance to the natural setting.  Design guide-
lines and standards for structural flood control 
improvements are provided in the Maricopa 
County Drainage Design Manual Volume II, 
Hydraulics and the City of Peoria Infrastruc-
ture Development Guidelines.

Roadway Crossing Drainage Structures

At-Grade Crossings

“At-grade crossings” typically have only min-
imal or localized impacts on channel stability.  
More commonly, the streams impact the at-
grade crossing, rather than vice versa.  Flow 
over the at-grade crossing can cause erosion of 
the pavement and subgrade, deposition of 
sediment in the road section, and disruption 
of traffic flow.  Channel stability impacts com-
monly observed near “at-grade crossings” 
include the following including recommenda-
tions for mitigation:

• A scour hole often forms on the down-
stream side of an “at-grade crossing” due 
to acceleration of flow over the hydrauli-
cally smooth pavement surface and 
increased turbulence as flow transitions 
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back at the natural channel bed.  In most 
cases, formation of a scour hole doesn’t 
impact stream reaches located far from the 
“at-grade crossing”, however the develop-
ment of a scour hole could undermine the 
“at-grade crossing”, leading to failure of 
the facility.  Upstream and downstream 
cut off walls shall be designed for at grade 
crossings.

• An “at-grade crossing” of a watercourse 
reach which is experiencing degradation 
will ultimately function as a grade control 
structure.  Until equilibrium is achieved, 
down stream degradation will continue 
increasing the drop immediately down-
stream of the “at-grade crossing”.  Long 
term degradation shall be considered in 
determining the depth of cut off walls.

If the “at-grade crossing” is constructed at an 
elevation slightly above the natural channel 
bed, deposition will occur upstream of the 
crossing.  Deposition leads to expansion of the 
floodplain, and may increase the risk of avul-
sions and accelerate formation of the down-
stream scour hole.  The minimum elevation of 
an “at-grade crossing” shall not be higher  
than the existing channel invert.

“At-grade crossing” is not a recommended 
watercourse/roadway crossing in the City of 
Peoria.

Culverts

The design of culvert structures takes into 
consideration public safety, long term function 
and maintenance, and impacts to the natural 
channel form and function.  Typically, the 
impact of culvert crossings on a watercourse 
system is primarily a function of their size in 
relationship to design discharge, natural chan-
nel and floodplain morphology, clogging 
potential, sediment transport capacity and 
scour potential.

Undersized (relative to natural channel and 
floodplain geometry) culverts and culverts 
that create headwater ponding can have detri-
mental impacts to both upstream and down 

stream properties.  The impacts of undersized 
culverts on channel stability include the fol-
lowing including recommendations for miti-
gation:

• Sediment Deposition.  Much of the stream’s 
sediment load will be deposited in the 
headwater pool at the culvert inlet.  The 
volume of sediment deposited depends on 
the culvert capacity relative to the dis-
charge, the duration of the ponding condi-
tion, the geometry of the ponding area, 
and the size of the sediment in transport.  
Sediment deposition decreases channel 
(and culvert) capacity, increases the poten-
tial for overbank flooding and avulsions, 
and requires maintenance to restore natu-
ral conditions.  Culvert rise (height) at a 
minimum should be as high as the aver-
age main channel bank height.  In the 
event of width and height limitations due 
to natural conditions, the structure does 
not convey the design event, increasing 
the height dimension or providing relief 
culvert structures in the overbank areas 
should be considered before increasing the 
width.  Culverts that do not obstruct the 
main channel will have less frequent 
impacts on channel stability.

• Floodplain Encroachment.  A culvert is a 
form of floodplain encroachment, with the 
same types of encroachment impacts 
described in the floodplain encroachment 
discussion above.

• Scour Hole.  A scour hole may form at the 
culvert outlet due to accelerated velocity 
through the culvert, discharge of sedi-
ment-deprived water, and turbulence at 
the culvert/natural channel interface.  
Design of culvert structures shall include 
an evaluation of the scour potential at the 
outlet of the structure and provisions for 
channel protection at the outlet shall be 
provided.

• Long-term Degradation.  Where a signifi-
cant percentage of the sediment load is 
deposited upstream of a culvert due to 
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headwater ponding, discharge of clear 
water may result in degradation down-
stream until the channel slope adjusts to 
the new sediment supply.  Culverts shall 
be designed so that the disruptions to the 
natural sediment transport capabilities of 
the wash are minimized.

Oversized (relative to natural channel and 
floodplain geometry) culverts structures, 
which increase the width of the natural chan-
nel in order to minimize the height or depth of 
ponding, can also have detrimental impacts to 
both upstream and down stream properties.

The impacts of oversized culverts on channel 
stability include the following:

• Long-term Aggradation.  Increasing the 
natural width of a channel to accommo-
date a culvert structure would change the 
sediment transport capacity of the chan-
nel.  During frequent events or events 
lesser than the design capacity of the cul-
vert structure sediment would be depos-
ited in the section of channel that has been 
widened.  Accumulation of sediment 
would decease both the capacity of the 
channel and the capacity of the structure 
ultimately resulting in flooding impacts to 
adjacent properties. Culvert span (width) 
should be as wide as the main channel 
(top of left bank to top of right bank) 
where channels are well defined.  Culverts 
that do not obstruct the main channel will 
have less frequent impacts on channel sta-
bility than culverts that block the main 
channel.

Bridges

Bridges that span the floodplain typically 
have no measurable impact on channel stabil-
ity, as evidenced by the channel conditions 
observed at the Beardsley Canal flumes over 
Caterpillar Tank Wash and Twin Buttes Wash 
within the North Peoria ADMP study area.  
Bridges with narrow openings are function-
ally like a culvert, and have the impacts on 
channel stability described above.

Based on their 
likely impacts 
on channel 
stability, the 
following 
guidelines for 
roadway 
crossing 
design are rec-

ommended for watercourses in the North 
Peoria ADMP study area:

• Bridges are preferable to culverts.  Bridges 
typically have less impact on channel sta-
bility than culverts due to the wider open-
ing and decreased likelihood of headwater 
ponding.

• Bridge span (width) at a minimum should 
be as wide as the channel or floodway lim-
its, preferably as wide as the floodplain or 
erosion hazard zone where channels are 
well defined.  Bridges that do not obstruct 
the main channel will have less frequent 
impacts on channel stability than culverts 
that block the main channel.

• Where braided or multiple channels exist, 
relief structures outside of the main chan-
nel should be provided to maintain over-
bank flow paths, preserve overbank 
conveyance, and prevent floodplain sedi-
mentation;  instead of widening one of the 
multiple channels to provide conveyance 
of the design event at one location.

• Bridge crossings should be regularly 
maintained and inspected to identify 
potential problems and impacts to channel 
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stability, and to assure structure perfor-
mance.

• The need for erosion protection should be 
evaluated at all bridge crossings of water-
courses. 

Utility Crossings

Utility crossings, if properly constructed, have 
no inherent impact on channel stability since 
they are typically buried beneath the channel 
or extended overhead.  Direct impacts on 
channel stability can occur during utility con-
struction due to disturbance of bank and 
floodplain vegetation.  Where vegetation is 
removed, the underlying soils are more vul-
nerable to erosion and scour.  If floods occur 
before the vegetation is reestablished, erosion 
of the construction alignment may occur and 
initiate erosion of adjacent channel reaches. 

The following guidelines for utility construc-
tion in the floodplain and erosion hazard zone 
are recommended:

• Bank and floodplain vegetation removed 
or damaged during construction should 
be replaced immediately.  Irrigation, 
inspection, and maintenance may be 
required to assure survival of the replace-
ment vegetation.

• Underground utilities should be buried 
below the 100-year general scour depth in 
the main channel plus the long-term scour 
depth.  Utility lines have been damaged 
due to exposure by long-term scour on 
numerous streams in Arizona.

• Where the potential for lateral movement 
exists, underground utilities should be 
buried at the same depth in the overbank 
areas or erosion hazard zone as in the 
main channel, to prevent exposure after 
movement of the main channel.

• Support structures for overhead utilities 
should not be located within the flood-
plain or erosion hazard zone.  Where the 
length of the span requires that support 

structures be constructed within the flood-
plain or erosion hazard zone, the struc-
tures should be designed using the 100-
year general scour plus long-term scour in 
the main channel burial depth.  No struc-
tures should be placed in the main chan-
nel.

Aesthetic Design Guidelines

Aesthetic guidelines are developed as a tool to 
be used by planners and designers to incorpo-
rate aesthetic quality into their design that is 
sensitive and consistent with the natural envi-
ronment.  As part of the North Peoria ADMP,  
landscape character themes are developed 
that could be incorporated into the design of 
flood control management alternatives.  Spe-
cific themes developed are a Mountain Theme 
with a Mining Theme Overlay, and a Plains 
Theme with a Native American or Ranching 
Theme Overlay.  Design guidelines and exam-
ples are present in the North Peoria ADMP, 
Technical Data Notebook, Attachment 4, 
Landscape Character and Visual Assessment 
Report.  The following general design guide-
lines are offered:

Structural Erosion Protection Measures

Structural erosion protection measures can 
consist of a variety of engineered materials. 
Most common types of engineered materials 
used in Maricopa County are rock filled wire 
baskets (gabion mattress, Reno Mattress), 
gunite and soil cement.  Structural erosion 
protection measures could be aesthetically 
enhanced by designing them to blend in color, 
texture and form with the surrounding envi-
ronment and desired landscape character 
theme.  Treatments include selection of mate-
rial to provide the desired color and texture, 
artificially coloring material, and treatment of 
freshly excavated native material with Eonite 
or a similar aging product. 

Channels

Channel alignments and side slopes should be 
consistent with natural channels in the area.  
Alignments should be sinuous and side slopes 
should vary in the angle of slope.
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Drainage Structures

Landscape character themes could be incorpo-
rated into the design of bridge and culvert 
headwalls.  Figure 22 and Figure 23 depict 
some possible landscape character themes that 
could be incorporated into a roadway drain-
age structure.

MAINTENANCE PLAN

A maintenance plan shall be developed for all 
structural type improvements.  The plan will 
document required maintenance to be 
provided by the owner/owners of structural 
type drainage improvements.  The plan shall 
include the following discussions as 
applicable:

• Type of facility.

• Owner of facility.

• Required maintenance activity.

• Vegetation maintenance.

• Bank protection maintenance.

• Grade control maintenance.

• Removal of debris and sediment from 
structures.

• Required permits for maintenance activity.

• Required inspection/monitoring activity.

• Schedule for inspection and monitoring 
activity.

• Required agency notification.

MAINTENANCE PLAN

The North Peoria ADMP presents water-
course and stormwater storage flood control 
management alternatives.  For this plan to be 
successful, a monitoring and maintenance 
plan is required that address the overall non-
structural goals as well as the specific ele-
ments of potential structural and low-impact 
structural measures.  The maintenance plan 
establishes monitoring and maintenance crite-
ria and inspection time frames that should be 

implemented to sustain the goals of the plan.  
The maintenance plan is presented in the 
North Peoria ADMP Technical Data Note-
book. 

CONSIDERATIONS FOR EXISTING 
STRUCTURES IN FLOOD HAZARD 

AREAS

GENERAL

Within the North Peoria ADMP study area, 
one permanent residential structure was iden-
tified within a flood and erosion hazard zone.  
The structure is located within Unincorpo-
rated Maricopa County, approximately 0.6 
miles north of Happy Valley Road along 115th 
Avenue alignment in the Twin Buttes Wash 
floodway.  Flood Insurance Study work maps 
[Flood Insurance Study for Caterpillar Tank 
and Twin Buttes Washes From Agua Fria 
River to CAP Canal Maricopa County, Ari-
zona, (Flood Control District of Maricopa 
County, 1991)] indicate that the structure was 
built prior to the original floodplain delinea-
tion of Twin Buttes Wash.

As part of the North Peoria ADMP, channel 
improvements that would mitigate impacts to 
the alignment of 115th Avenue and to the resi-
dential structure from a 100-year runoff event 
were evaluated.  Improvements evaluated 
consist of a channel, side slope protection con-
sisting of rock-filled wire-tied baskets and an 
11 cell 10-foot by 4-foot concrete box culvert.  
The cost estimate for construction of the chan-
nel improvements (not including land costs) is 
estimated at $1,299,137.

Currently Maricopa County has no capital 
improvement plans to provide roadway/
channel improvements along the 115th align-
ment between Happy Valley and Jomax 
Roads.  City of Peoria personal related that 
should the City of Peoria annex the area, any 
improvements would be funded through an 
improvement district.  There are plans being 
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developed for the Estrella Roadway, which 
will cross the alignment of 115th Avenue, and 
Twin Buttes Wash approximately 1000 feet 
downstream of the subject structure, however 
there are no improvements proposed that 
would mitigate flooding to the structure or to 
the alignment of 115th Avenue.

OPTIONS

Under current Maricopa County floodplain 
regulations the existing structure could not be 
rebuilt if, due to flooding, fire, or some other 
catastrophic event, the structure suffered  
damages of greater than 50 percent of its 
appraised value.  In addition, the current or 
future owners could not obtain building per-
mits for new structures.  A possible option to 
address the problem is to recommend the 
property be considered for a voluntary acqui-
sition or on-site relocation program managed 
by the District.  If the home qualifies for the 
program, the homeowner would have the 
option of selling their parcel to the District 
and having the structure removed from the 
site so that the land could return to its natural 
or near natural state or, if there are areas of the 
parcel outside the floodway and erosion haz-
ard zone, and the homeowner wishes to move 
their home, the homeowner would have the 
option of relocating the residence on-site, but 
outside the high hazard areas. 
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GLOSSARY

100-year storm
A rainfall event that has a 1% chance of occur-
ring or being exceeded in any given year.

aggradation
A rise in the channel bottom elevation due to 
an accumulation of sediment over time.

avulsion
An avulsion occurs when a watercourse chan-
nel migrates laterally to another position 
within the natural floodplain.  Lateral channel 
migration and head cutting are contributing 
elements to the avulsion process.

braided
A braided watercourse is one flowing in sev-
eral dividing and reuniting channels resem-
bling the stands of a braid.  Avulsion and 
lateral migration processes contribute to the 
development of a braided watercourse. 

channel
The deepest portion of a watercourse through 
which the majority of runoff is conveyed.  
Braided watercourses will have multiple 
channels.

computer models
Computer models developed as part of this 
study are developed to model hydrologic and 
hydraulic conditions.  The models simulate a 
storm event (such as the 100-year storm) and 
estimates how much runoff will be generated 
from a given area (hydrology) and how deep 
and fast the runoff will move (hydraulics) 
within a watercourse draining the given area.  

degradation
A deepening of a channel over time or in a sin-
gle storm event due to erosion processes.

ephemeral watercourse
A watercourse or potion of a watercourse that 
flows only in direct response to rainfall.

erosion
The group of processes whereby rock and/or 
sediment deposits are loosened and/or dis-
solved and removed from their original loca-
tions.

existing conditions
Physical conditions within a watershed or 
watercourse at the time of evaluation.

100-year floodplain
A special flood hazard zone that is defined by 
the area along a wash that gets wet and carries 
water during a 100-year flood.  Criterion to 
define the 100-year floodplain is established 
by the FEMA.

floodway
The floodway is that portion of the floodplain 
reserved by FEMA for the conveyance of 
floodwaters during a 100-year flood.  Build-
ings and/or structures that would obstruct 
flow are not allowed within the floodway 
boundaries.

floodway fringe
The floodway fringe is the portion of the 100-
year floodplain located adjacent too and out-
side of the FEMA 100-year floodway.  Under 
FEMA regulations development within the 
floodway fringe is permissible providing cer-
tain criteria are met.

floodplain encroachment
Floodplain encroachment is defined by devel-
opment activity that occurs within the flood-
way fringe.  The collective impact of the 
development activity can not increase the 100-
year water surface elevation over FEMA 100-
year floodway water surface elevations.  
Floodway water surface elevations are up to 
one foot higher than floodplain elevations.

future conditions
For this study future condition is the proposed 
physical condition of the watershed based on 
the City of Peoria’s General Plan.
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gabion mattress
A gabion mattress is a structural form of ero-
sion protection.  A gabion mattress consists of 
wire baskets filled with rock.

geomorphology
The study of landforms and the physical pro-
cesses that form the land surface.

gunite
A structural bank/channel stabilization mea-
sure consisting of cement, sand and water.

hydraulics
For purpose of this study, hydraulics is how 
stormwater moves through a watercourse.  
Through hydraulic evaluations, depth, veloc-
ity, width and energy of stormwater flow 
within a watercourse are estimated.

hydrology
For the purpose of this study, hydrology is the 
estimation of the magnitude of runoff from a 
rainfall event within a given watershed.  Typi-
cally runoff is that portion of rainfall that does 
not instormwaterfiltrate into the soil.

lateral channel migration
The horizontal movement of a channel within 
the natural floodplain by erosive processes 
defines lateral channel migration.

paleoflood
A flood event at a given time in the geologic 
past.riparian

perennial flow
Watercourses or a portion of watercourses 
that flow year around.

scour
Erosion due to the mechanical process of 
water removing earthen material from a chan-
nel bottom or banks.

sedimentation
The natural process of flowing waters deposit-
ing soil, sand, gravel, cobbles and boulders 
within a channel and associated natural flood-
plain.

soil cement
A type of structural channel stabilization 
consisting of cement and native materials.

watercourse
For the purpose of this study a watercourse is 
defined as a natural drainage way defined by 
the 100-year floodplain limits and the erosion 
hazard zone.
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FIGURE 20
IN-STREAM, IN-LINE DETENTION
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FIGURE 21
IN-STREAM, OFF-LINE RETENTION
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